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ADHESON VARIAHTS 



Zl, .ppllc.tlon r.Ut.. to compclclon. for «»clvtral or 
i..uno.oduUtory th.r.py. m partlcul.r. It r.Ut.. to 
co»po.ltlon. u«ful in th. tr..a..nt of Hui-n l»«unodef Icl.ncy 
Vtru« (HIV) l.nf«etlotx« . 

Th. prlo.ry Imunologlc rt,nor».Uty r..ultlng from 
infection by HIV 1. th. progr...tv. d.pl.tion «d functional 
l:„p.ln..nc of T Whocyt.. .xpr...lng th. CD4 c.U .ur *c. 
rycoprot.ln (H. Lan. .C .1.. Ann. R.v. l»«nol. i:.77 (1985] . 
CDt 1. . non-poly-orphlc glycoprot.ln with homology to the 
^oglobuUn g.n. .up.rf«tly (P. Maddon .c C.U 42:93 

[19851) Tog.th.r vlth th. CDS .urf.e. .ntlg.n. CD4 d.ftn.. two 
dl.cmcc .«b..t. of «tur. p.riph.r.l T c.U. (E. R.inh.rz .t si..- 
C.U 12-821 [1980]). which «r. dl.tlngul.h.d by th.tr .blllty to 
lnt.r.ct wUh nominal antlg.n target. In th. context of class I and 
class II -J or hlstocoapatlbUlty coorpl.x (KHC) antigens, 
respectively (S. Swain. Froc. Natl. Acad. Scl. 2i:7101 [1981): E. 
Engl..san .1-. J- l«««unol. 122:212'^ i^^tl]: H. Spitz « .1.. J- 
I»o«nol. 122-.1563 (1982): U. Blddl.on .c .1.. J. Exp. Med. ii&:1065 
[19821: and D. Wild, .c al.. J. l«««nol. 121:2178 (1983]). For the 
„o.t part CD4 T cells dl.play the h.lper/lnducer T cell phenotype 
(E Relnhsrz. a^aiA) . although CD4 T c.U. characterized as 
cytotoxlc/suppr.ssor T cell, have al.o been Identified (Y. Tho.as 
• c Ml.. J. Exp. Med. liii:«9 [1981]: S. Meu.r ».t m1.. Proc. Natl. 
Acad. Scl. USA 21:4395 [1982]; and A. Kr.nsky .c al . . Proc. Natl. 
Acad. Scl. USA 21:2365 [1982]). Th. loss of CD4 h.lper/lnducer T 
cell function probably underlie, the profound defects In cellular 
end huaor.l l«.unlty leading to the opportunistic Infections and 
.allgnancl.. charact.rl.tlc of the acquired Immunodeficiency 
.yndroae (AIDS) (H. Une anSlA) ■ 
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Scudle. of HIV-1 infection of fr.ctlonaced CD4 .nd CD8 T 
c.lls fro» normal donor, .nd AIDS p.cUnt. h.ve r.v.Ied that 
<Upl.clon of CD. T cell. r..ul» fro» the ability of HIV-I to 
selectively inf. cc. r.pllc.t. In. .nd ultl-.tely de.troy this T 
X^hocyce .ub.ec (D. Kl.tz^nn .t .1.. Science (198.,). 
The poesiblllty that CD4 It.elf I. « e.-entUl component of the 
celluUr receptor for HIV-1 v.. first Indicted by the observation- 
chac conoclonal antlbodle. directed against CD4 block HIV-I 
infection and .yncytla Induction (A. Dalglelsh er al.. Nature 
(London) il2:767 (1984]: J- McDougal ec al.. J- In««nol. 121:3151 
(19851 ) Thl. hypothesis ha. been confirmed by the demonstration 
Char a -olecular complex form, between CD4 and gpl20. the major 
envelope glycoprotein of HIV-I (J. McDougal ec «!.. Science 211:382 
[19861- and the finding that HIV-I troplsa can be conferred upon 
ordinarily non- permissive human cells following the stable 
expression of a CD. cDNA (F- Haddon ec al . . Cell 42:333 (1986)).. 
Furtheraore. the neurotropic properties of HIV-1. reflected by a 
high incidence of central nervous system dysfunction In HIV-I 
infected Individual. (U. Snider eC .1.. Ann. Neurol. 14:403 
(19831). and the ability to detect HIV-I In the brain tl.sue and 
cerebrospinal fluid of AIDS patient. (G. Shaw eC al.. Science 
222177 [19851: L. Epstein. AIDS Res. 1:447 (19851: S. Ko.nlg. 
science 212:1089 (19861; D. Ho ec .1.. N. Engl. J. Med. 212:U98 
(1985): J. Uvy ec al.. Lancet 11:586 (19851). appear, to have Its 
explanation In the expres.lon of CD4 In cell, of neuronal, glial 
and monocyte/macrophage origin (P. Haddon. Cell 42:^44 (1986]: 1. 
runke ec al.. J. Exp. Med. lfii:1230 (19861; B. TourvlelUe ec al.. 
Science 22fi:610 (19861). 

In addition to determining the ausceptlbllUy to HIV-1 
infection, the manifestation of cytopathlc effects In the Infected 
host cell appear, to Involve CD4. Antibody to CD4 w.s found to 
inhibl-. the fusion of uninfected CD4 T cells with HIV-I Infected 
cells in vicro: moreover, the giant multinucleated cells produced 
bv .this event die shortly after being formed resulting In the 
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,.pl.clor of Che popuLcion of „120 

^,U23 (19861). eoculrurmg CD4-po.Utv. c.U 

,xpr...lon. .nd c.n b. .Ud" J ^^^^^^^ 

X.ne. -U. C.U Un.. ^^-.l So.ro..l .c 

well as eventual cell death, ^^^^ 

of several critical entry points in tne 
constitutes one ot seve Hltsuy. at al . . 

cycle ^.enable to therapeutic Intervention (H. 

Nature 225:773 (19871). 

of Che CD4 precursor predicts a 
The toovn sequence of the tu« p 

approx^tely „,.,,.ne -spanning do:.aln of the class- 

significant Identity to ,„,aceUul.r sequence of 

n KHC beCA chAln. and a highly cnargea n.n*r 

.... ...... - 

, „cc...£ul .cr.c.„ in a.v.l.p..n. «£ -r.,. ch. 
. .f i-nv r.o.p«r ..dUc.d .Knon-Utl.. h.. b..n th. 

::r« .1" .n...L„. ..i.. ..... ,f ... 

... HIV ........ U i;;^- J.;.., .locXin. 

rH.r.oeuclcally .equestertng these HI\ si«s. 

„u «^..n. P"„in. 

cells. The presence of membrane components will 
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f„, th. .cndpomc of «nuf.ccu.ins «d purlf ic.cion. n 
.^Uion. .inc. .Ch..ons .r. ncr«Uy pr...nt only on c.U 
.urf.c„. It would b. d..ir.bl. to produc. .dho.on. in . for. which 
1, .or. .t.bl. in th. clrcuUtlon. Additionally, .v.n tnmc.c.d. 
.olubl. CD. .dh..on (generally r.f.rr.d to as CI,4T) «y not b. 
opti-ally .ffectiv. a. a th.rap.utlc .Inc. It po.....a. « 
..lacivly abort biological half-Ufa. bind, to HIV no batcar than 
cell aurfac. CD.. «y not croa. the placental or other biological 
barriers and since it ..rely ..que.ter. th. HIV recognition alt., 
without m itself bearing an Infected-cll killing or vlr^xs killing 
funcclonAltcy . 

Accordingly, It l» an object of this Inv.nclon to produc. 
.cluble. ..cr.t.d adheaons. It Is another object to produc. CD4 
derivative, useful in th. tr.aa.ent of AIDS «.d related condition., 
in a .^.r ...entlally unaffected by th. extreme d.gra. of g.netlc 
variation ob.erv.d «.ong varlou. HIV-I Isolate. «»d their 
respective ^ polypeptide. (-..Coffin. Cell (1986]). Still 

.nether object I. to prepare adhe.ons fused to other polypeptide, 
m order to provide nolecule. with novel functlonalltle. auch a. 
those described above for th.rap.utlc use. or diagnostic reagent, 
for the m vlcro aa.ay of adh.sons or th.lr Uganda. In 
particular, it is an obj.ctiv. to prepare molecules for directing 
toxins or effector molecules (for example the Fc domain of 
immunoglobulin) to cell, bearing r.c.ptors for th. adh.aons. a.g. 
HIV gpUO m th. case of CDA. and for use in facilitating 
purification of th. adhe.ons. I. I. a furth.r obj.ct to provld. 
stabl.. highly purifi.d adheson preparations. 



The object, of thl. invention are accomplished by providing 
nucl.le acid .ncoding an amino acid sequ.nce variant of an adheson. 
in particular . variant in which the trans -membrane domain is 
modified so that it Is no longer capable of becoming lodged in the 
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m the c... of CD4 .«ch v.ri.nt. «. cn-d .olubl. 



Varl«t .dh..o« *r. produc.d by . ~chod c<«prl.lns (.) 
* I . . ho.c cell vlth nucleic .eld encoding « -Ino ecld 
T" I n' of r leeon. (h) culcurlng th. ho.t cell .nd (O 
..quence verUnc ot «n culture .edl. or 

recovering the variant adhe.on fro. the host cell cul 

froB lyaate. of the hoit cell. 

in .peclflc ..bodlaenta. the object, of thl. invention are 
.ccoo^lLhed by providing an adhe.on variant ..l.cted fro. the 
,„ur conaletlng of (a) an adhe.on a.lno acid ..qu.nc. v.rlan 
having an Inactivated trana..».rane do.aln and (b) a polyp.pcid. 
co.prl.lng an adhe.on extracellular do.aln fused to th. a.qu.nc. of 
To'-Ptid. vhlch I. different fro. the adhe.on. thl. latter o^ 
exa^pr. .elected fro. a cytotoxln. an l-unogen or a protein vlth 
. long pla... half life auch a. an l««ano globulin con.t«»t do«ln. 

m a preferred e.bodl«ent a polypeptide comprl.lng a gpl20 

binding do«ln of th. CD. adhe.on la fuaed at It. C-ter-lnu. to an 

immunoglobulin constant do.aln. or Is linked to a cytotoxic 
polypeptide such as rlcln. 

The CD4 adheson v.rlant. provided herein are purified and 
for.ulated In phar.acologlcally acceptable vehicle. for 
.a.l„l.tratlon to patient. In need of antiviral, n.uro.odul.tory or 
i^codulatory therapy. In particular patient. Infected vlth HIV. 
and for u«e In the .odulatlon of cell adhesion. 

j^^^j^f f^.rrintinn nf rhti n^-"<"" 

Figs l.-lc d.plct the amino acid and nucleotide aequence 
of a ..cr.ted for, of the CD4 adhe.on. The signal processing site 
Is designated with an arrow. 
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of A fujlon of th« Mrp«» B*' 
ch..put.tlv. «cur. N.c.r.lnu.of CD4T. 

3 deplcc. th. .crucrur.1 .1.-.-. of ch- native «d 

lolubU CO^ A<Jh«ton. tn» i—*- 
.x.mpUry h..vy ch.ln-CI>4 chl-.ra.. 

P,,. ...4b «. . «P of the Unlc.r.d hun-n IgC^ (.!> ch*ln 
^ i rm. fujlona. Insert »lce« 

fr.g,.nc ..Ployd m th. pr.par.tlon of CD4 fu.lorui 

are d..lsn*t.d 7I «nd Fc. 

5 U a -P of th. hui-n * light chain fr.g«nt vu.ful 
^ « v ^ hv V J (light variable and 

for CI- fusion, at the arrov flanked by V«J* (URn 

Joining) and (light constant). 

Thirnl'''^ DaarrlBCigP 

71...». ' T.U 

. , fUA-3) n.urocytopla«lc prot.ln (NCPO). polylg 
1 r.c.ptor Mcrophag. Fc r.c.ptor, Fc gaaana 
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..,u.nc. ho«,losy CO . toovn -.^.r of ch. .up.rf«ily " 
.p.ctftc .x«pl.. «iv.n ^ov. h.v. to th. ..q«.nc. of .n 

Uounoglobultn v.rUbl. or corucnc 6o^i.. Pr.f.rr.d .dho.on. .r. 
0)4. CDS «tid htgh »fflnlcy IgE Fc r.c.ptot. 

Thl. lnv.ntlon t. p*rtlcul.rly conc.m.d with «lno «ld 
..,u.nc. v«i«t. of .dh..on.. A-tno .eld ..quonc. v«t«t. of 
.dh..on. .r. pr.p.r.d with varlou. obj.ctlv.. In -Ind. Including 
lncr.*.lng th. .fflnlty of th. «Jh..on for It. binding p.rtn.r. 
fclUftlng th. .tablllty. purlflc.clon .nd pr.p.r.tlon of th. 
.dh..on. lncr.«tng It. pl«~ H.lf llf. 1-provlng th.r.p.«tlc 
.fflccy d..crlb.d .bov. In th. b.ckground. Introducing 

.ddltlon.1 functlon.Utl.. .nd l....nlng th. ..v.rlty or occurr.nc. 
of .Id. effct. during th.r.p.utlc u.e of th. .dh..on. Alno .eld 
..q«.nc. v.rl«t. of .dh..on. f.ll Into on. or . co»bln.tlon of the 
following cl.....: ln..rtlon.l. .ub.tltutlon.1 or d.l.tlon.1 
v.riutt. . 

In..rtlon.l «.lno .eld ..qu.nc. v.rlMxt. .r. the In which 
on. or «>r. «lno .eld r..ldu.. .xtr«».ou. to th. .dh..on «r. 
mtrodue.d into « pr.d.t.r«ln.d .It. In th. .dh..on Including th. C 
or N t.mlnl. Such v.rUnt. .r. r.f.rr.d to .. fu.lon. of th. 
.dh..cr. .nd . dlff.r.nt polyp.ptld.. Such oth.r polyp.ptld.. 
eoat.ln ..qu.ne.. oth.r th.n the. which .r. nor»«lly found In th. 
.dh..on .t th. ln..rt.d po.ltlon. S.v.r.l group, of fusion, .r. 
cont.in>l«.<l h*"ln. I«unologle.lly .etlv. .dh..on fu.lon. 
co«prl.. « .dh..on .nd . polyp.rtld. eont.lnlng « non..dh..on 
.pltop.. Th. non-«dh..cn .plcop. I. .ny lannologlcUy cooip.t.nt 
polyp.ptld.. 1.... .ny polyp.ptld. which I. e.p.bl. of .Ucltlng .n 
laiun. r..pon.. In th. .nW to which th. fu.lon I. to b. 
.d«lnl.t.r.d or which 1. e.p.bl. of b.lng bound by .n .ntlbody 
r.l..d .g.ln.t th. non..dh..on polyp.ptld.. Typlc.l non-.dh..on 
•pltop.. will b. tho.« which .r. bom. by .U.rg.n.. .utolnmun. 
•pltop... or oth.r pot.nt Ununog.n. or .ntlg.n. r.cognlr.d by pr- 
•xl.tlng .ntlbodl.. m th. fusion r.elpl.nt. Including b.ct.rl.l 
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.uch trpLE. b.t..g.Ucco.td*... viral polypeptld.. 
.uch herpe. gO P ,.eo«bln.nC c.U culture 

„rie«n or fr.g»enc th.reof by a pepcld* bond(i) . xne. P 

.cruccurally hoaogeneous form. 

Th... l«u«og.nlc ln..rrlons .r. p.rclcuUrly u..ful -hen 
fonnuUced Incc . ■ ph.n-cologU.Uy .ccepcbl. 

.<^..on. -hlch «clbo.i.. m cum .re useful In « 
purlficrion of .<Jhe.on by ia«uno.ff Inlty " techniques known per se. 
Iuem.clv.ly. m Che purlflc.clon of .ahe.ons. binding p.rcner, 
L Che fused non-.dhe.on polypepclde. e.g. .nclbodles. recepcors 
or Ug«>ds. .re used co .d-orb che fu.lon fro. l«pure ad-lxcur... 

. I ^ .-M If d..lred. che .dheson Is 
*fcer which che fu.lon I. elu.ed «nd. If d..irea. 

recov.red fro« Che fu.lon. e.g. by enzyo.clc cle.v.ge. 

Ocher fusion., which :..y or -.y noc .l.o be l-unologlc.Uy 
.cclve. include fu.lon. of che .dheson sequence wlch . slgn.l 
..,u.nce hecerologous co che .dhe.on, fusion, of cr.n.ce.br.ne • 
^.ifled CD. .dh..ons. for .x«^le. co polypepcldes h.vlng enh.nced 
pl..»a .h.lf llf. (ordlnsrlly >.bout 20 hours) such .. 
l«.unoglobuUn ch.ln. or fr.g».ncs chereof. .nd fusions wUh 
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cycocoxlc functlon^lttl... Slgn.1 ..q«.nc. fusion. «. .-.ployed In 
order to «.r* expeditiously direct the .ecr.tlon of th. .dhe.on. 
The heterologous .Ignsl repl.ee. the n*tlve .dhe.on .ign*l. «d 
when ch. resulting fusion 1. recognixed. i.e. proceed snd cle.v.d 
by the ho.t cell, the .dhe.on 1. .ecr.ted. Slgn.1. .re .elected 
b..ed or th. intended ho.t cell, .nd may include b.cterUl ye«t. 
^ll.n «d vlr.l .equencs. The herpe. gD glycoprotein .Ign.l 
is suitable for use in m*aBall.n expression systens. 

Plasm, proteins which h.ve enhM»ced pl.s-. h.lf-llfe longer 
than that of transmembrane modified CD4 include serum .Ibumin. 
innBunoglobulins. apollpoprotelns. and transferrin. Preferably, the 
adhescn-plasma protein fuaion is not signific.ntly immunogenic in 
Che animal In which It is used and the plasma protein doe. not 
cause undesirable side effect, in patient, by virtue of its normal 
biological activity. 

In a .pecific embodiment the adheson iaownoglobulin-like 
domain which may be homologous either to the constant or to the 
variable region domains is conjugated with an l«sunoglobulin 
constant region sequence. The resulting product, are referred to 
herein as Immunoadhesons . Immunoglobulins and certain variants 
thereof are known and many have been prepared in recombinant cell 
culture. For example, see U.S. Patent 4.745.055; EP 256.654; 
FaulVmer .c .1.. Nature m:286 (1982); EP 120.694; EP 125.023; 
Morrison. J. Immun. 122:793 (1979); Kflhler ec al . . P.N.A.S. USA 
21:2197 (1980); Raso ec si.. Cancer Res. ^:2073 (1981); Morrison 
ec Ann. Rev. Immunol. 2:23" (1984); Morrison. Science 222:1202 

(1985)! Morrl.on ec aJ . . P.N.A.S. USA fil:6851 (1984); EP 255.694; 
EP 266.663; and UO 88/03559. Reasserted immunoglobulin chains also 
.re known. See for example U.S. patent 4.444.878; UO 88/03565; and 
EP 68,763 and references cited therein. 



35 



Ordinarily, the domains of adhesons that are homologous to 
immunoglobulins and extracellular in their native environment are 
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.H. N.c«r.lnu3 of the con.t.nt region of 
C.c.™in.lly CO - H c.„ ^^^^^^^^ ^^^^^^^^^ ^^^^^^^ 

^"^;frn...:.lccl««.Uy .«lv. hinge. CK2 .n. CH3 ao^in. 
r.telnlng et l—t i^oglobulln heavy chain. Thl5 

of the constant region of en innwn g „p„ptUt. OHA 

-,«mBll«he«l by constructing tne *pps 

irrt.: rr— ... — - 

ocher edhesons In the .«e fe.hlon. 

-K. rni V-llke regions (V1-V4) 
The boundary domains for the CD4 lllc g 
respectively, about 100-109. about 175-184. about 289-298. and 
are. respectively. „„eursor CD4 amino acid sequence In 

..ouc 360-369 (based on the P"-"" „,,.„„s 

.he J- „ ..e l^^oglobuUn 

._lnln. any t - ^^^^ _ . 

inl to the immunoglobulin constant region. The precl.e 
chelr C- termini to the immun r the boundary 

- " z:r::\rj'j:: ::ri i.. .... 

, It h.. b..n th.t th. £>»l.~ 

the following table demonstrates the various 

.I.,..! ... >i..d t. dlr.ct ..ct.cl.n fro. 2»3 " 

lln. ori.in. -.il. th. U-.r .... h d..lr«... 

p.r.nch.«..l £..«d 1„ d..lp-c.d ..I 

b. -^.r—' »' *• """■*" 
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(light) Chain or IgCl h«vy ch.tn con.tant r.gion . 



hCD^-aC^ 
hCD4-»C-yi 

hCD^*-mC^ + hCO^-aC^l 



TabU I 




ND 

(mV^C^)2(»SlC7l)2 * 
rnV^C^ *nd/or (■V«C^>2 

hCD4.inC^ «nd/or (hCI>^-aC^)2 

(hCD4.»C^)2(>^CD4.«C^l)2 
h"CD4-mC^ Atid/or (hCT>4.aC^)2 



hCD4-hC^ 



v^CD4-hC-^l 



hCD4-hC^ hCD^-hC^l 



hCI>4.hC« and/or (hCI>4.hC,e)2 
(hCD4.hC^l)2 

(hCI>4-hC«)2(hCI>^-*^Sl>2 
hCD4-hC^ And/or (hCI>4-hC^)2 



(ttV^C^)2(bCI>4-hC^l)2 + 
bV^C^ and/or (aV^C^)2 



♦ND - Not datactad 

It 1. lnc.r..cln« to ob.erv. from cht. table th.t the CD4-hum.n 
he.vy cb*ln l»«uno.dh..on w.s ..cret.d .s * dlmer vh.r«s the 
^logou- -urm. construction v.. not decocted (this not excluding 
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Che incr.c.ll«Ur .ccu««Uclon of ch. proc.in. however). 
abUlty of Che hCD4-hC.l cr.ru£or».nc. co produce h.evy ch*ln dUer 
unexpecced .Ince pr.viou. worW h.d .ugs-.ted that 
L^oglobuim heevy ch.ln. ere not .ecret.d unl... the ho.t. «. 
cotrensfonned with nucleic .eld encoding both heavy «ul light cha n 
(Vail. « al.. HASUI* 2il:338, (19811). According to thl. 
invention. CD4-IgG l««unoadhe.on chimeras a.e readily ..cr.t.d 
Wherein the CD. .pltop. L pre.ent In heavy chain dl-r.. light 
Cham .ono-er. or dlmera. and heavy and light chain h.t.rot.tra.er. 
wherein the CDA epitope I. pre.ent fua.d to one or «,re light or 
heavy chains. Including het.rotetra-er. -herein up to «.d Including 
.11 four variable region analogues are derived fro. CD4. Were 
light-heavy chain non-CD* variable domain Is pre.ent. a 
heterofuncttonal antibody thus Is provided. 

Various exemplary hetero-and chimeric lm.uno.dhe.on- 
antibodies produced In .ccord«ce with this Invention are 
schematically diagr^mned below. K' means at least a portion of 
the extracellular domain of an adh.son containing It. llg«d 
binding site; V^.. Vh. Cj. «id Ch repre.ent light or he.vy ch.ln 
variable or constant domain, of « Immunoglobulin; n I. « Integer: 
and Y designates a covalent eross-llnklng moiety. 

(.) acl; 

(b.> aCl-aCl; 

(c) ACh-IACh. ACl-ACh. ACl-VhCh. VlCl-ACh. or VlCl-VhChI: 

(d) ACl-ACh- (ACh. ACl-ACh. ACl-VhCh. VlCl-ACh. or VlCl-VhCh): 

(e) ACl-VhCh-IACh. ACl-ACh. ACl-VhCh. VlCl-ACh. or VlCl-VhChJ: 

(f) VlCl-ach-[ach. ACl-ACh. acl-VhCh. VlCl-aCh. or VlCl-VhChI; 



or 



(g) lA-Y]n-lVLCL-VHCHl2- 



The structure, shown In this table show only key features, 
they do not show Joining (J) or other domains of the 
iBBsJioglobullns. nor are disulfide bonds shown. These are omitted 
m the interests of brevity. However, where such domains are 
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be c tutrued *• being 

th... >■ ^i.,u, u-m.sl.buXl. h..vy 

.«.pl.. .t™~r.. r.~lt by ~P 7 . i^o.l.buU. 

antigen. 

S„«.bl. c»,.nl.» i™..6"bull,, .~blnl« 

e., I.. ...c... Cb. bU.«. .1" - ~ ^ 

'""ir r.ff.«.r f-c".~ i-..»..l»buXi. ex. Tb... .r. 

I. "L... ...... - " • — . 

b.,l».ib. lb tb. bin.. r.,l.n /' 'J^^" 

J; r... r..i*.. .£ b..n .b-in ..n.c.nc ...l.n ~ b. U. ...b.. 
r. •S.,u.n... .f "...in. .£ i-».i..i..l lnc....c »■ • 

-1-.- i—SiobuUn., i. fu... " . 

^„i.n .f «».. Tb... ..b,dl~b.. O""""' 

„„. p.„l.ul.rl,. Cb... v.rl.o.. in -bi.b .n. .. 
«^„l..uUn.liV» ..-in. .£ .n «. .ub.tic...- .b. 

i. r.,i.n .f .n i_».,l.b»iin .b.in T. b.ii.v.. c. .-^ b c 
«„v.. i„ ..V. .1..- b.U lif. Tb... .bi~r.. ""7="' 
7. £..bi.n .i^i.. t. =bi...i. .n.ib.".. in ' """'J; 

.... .n „.ib.., .£ ... .P..i.. i. °; 

,„l.bl. ..-in .£ -..b.. .P..i"- " , 

02! . >.«.... H..ur. ai. <13 "...be. H..b..,.. 
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Nature m' December 1984); Sharon «c ai.. Nature 2fi2: (2U May 

1984): Korrl.on ec ai . . Proc. Natl. Acad. Set. USA £1:6851-6855 
(1964): Morrl.on ec *2 . Scl.nce 222:1202-1207 (1985): and Boulianne 
ct di.. Nature 112:643-646 (13 December 1984). The DNA encoding 
Che adhe.on Immunoglobulin. like domaln(«) is cleaved by a 
restriction enryme at or proximal to the 3' end of the DNA encoding 
Che immunoglobulin-like domaln(«) and at a point at or near the DNA . 
encoding the N-termlnal end of the mature adheaon polypeptide 
(where use of a different leader is contemplated) or at or proximal 
CO the N- terminal coding region for the adheion (where the native 
adheson signal is employed). This DNA fragment then i. readily 
inserted into DNA encoding an ijfflaunoglobulin light or heavy chain 
constant region and. if necessary, tailored by deletional 
Butagenesis. Preferably, this is a human immunoglobulin when the 
variant is intended for in vivo therapy for humans. DNA encoding 
immunoglobulin light or heavy chain constant regions is known or - 
readily available from cDNA libraries or is synthesized. See for 
example. Adams ec al . . Biochemistry 12:2711-2719 (1980); Cough ec 
ai.. Biochemistry 1^:2702-2710 (1980); Dolby at al . . P.N.A.S. USA. 
n:6027-6031 (1980); Rice eC al.. P.N.A.S. USA 22:7862-7865 (1982); 
Falkner ec al . . Nature 221^286-288 (1982); and Morrison ec al., 
Ann. Rev. Immunol. 2:239-256 (1984). 

DNA encoding the immunoglobulin or immunoadheson chimeric 
chain(s) is transfected into a host cell for expression. If the 
host cell is producing an immunoglobulin prior to transfcctlon then 
one need only transfect with the adheson fused to light or to heavy 
chain, to produce a heteroantibody . The aforementioned 

immunoglobulins having one or more arms bearing the adheson domain 
and one or more arms bearing companion variable regions result in 
dual specificity for adheson ligand and for an antigen. These are 
produced by the above - described recombinant methods or by in vicro 
procedures. In the latter case, for example. F(ab')2 fragments of 
the adheson fusion and an inmiuno globulin are prepared, the F(ab')2 
35 fragments converted to Fab' fragments by reduction under mild 
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reducing condition.. «d th.n reoxldtx.d In ..ch ether', pre.ence 
under .cldlc condition. In *ccord with method, known per See 
.1.0 U.S. p.tent 4,444.878. 

5 Additionally. procedure. ere known for producing lnt.ct 

h.t.ro.ntlbodle. from iMunoglobulln. having different 
.peclflcltie... The.e procedure, .re .dopted for the in vicro 
production of heterochi.eric .ntlbodie. by .imply .ub.tltutlng the 
im»unoadhe.on ch.ins for one of the previouely employed 
IniBuno globulins . 

In an alternative method for producing a heterofuncclonal 
antibody, host cells producing an adhe s on - Inauno globulin fusion, 
e.g. transfected ayeloaas , also are fuaed with B cells or 
hybridomas which secrete antibody having the desired coacpanion 
specificity for an antigen. Heterobifunctlonal antibody Is 
recovered f roo the culture mediua of such hybridomas . and thus may 
be produced somewhat more conveniently than by conventional In 
vicro resorting methods (EP 68,763). 
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Another group of fusions are chose in which an adheson Is 
conjugated with a toxic substance, e.g. a polypeptide such as rlcln 
(including deglycosylated rlcln A chain), dipcherla coxln A. or a 
non.pepcidyl cytotoxin. Where the toxin Is a polypeptide it is 
convenient to cross -link the polypeptide to the adheson or its 
transmembrane -deleted variant by conventional in vicro protein 
cross- linking agents (for suitable methods for linking rlcln A 
chain or deglycosylated A chain to CD4 see. for example. Duncan ec 
Ml., "Analy. Biochem," 122:68-73 [1983]; Thorpe ef: al.. -Cancar 
Res." it2:5924 [1987]; and Ghocle ec al . . "Cancer Res." 4fi:2610 
[1988]) or by recombinant synthesis as a fusion (see for example. 
U.S. Patent 4,765,382). Alternatively, where companion antibodies 
are anti- rlcln antibody immunoglobulin variable domains, such 
Immunoglobulin he teroantibodles are employed to deliver ricin to 
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HIV lnf.ct.d cell, follo-lng ch. general procedure of R.so er 
C«»cer R«..rch. 41:2073 (1981). 

Another cla.. of .<«h..on v.rUnt. .re deletion.! v.rl.nc. 
Oeleclons .r. ch.r.cc.rl..d by the re.ov.l of one or -ore «lno 
.cid re.idue. fr.. . .<n>..on ..quence. TyplcUy. the 
„.n....br.ne .nd cycopl.«lc do«.ln. of *dhe.on. .r deleted In 
Che cse of CD4. .t l.«t re.idue. 368 to 395 (the tr.n..end>r.ne 
region), end ordlnerlly 396-433 .. well (the cytopU.mlc do«.ln) . 
vlll be deleted to obtain .ecr.ted fonn. of thl. .dhe.on. 
Perenthetlclly. the «lno .eld re.idue, follow the nuinber. given 
for mature CD4 a. noted, for .x«ple. In figure, la - Ic Thu.. 
CD4T molecule, generally vlU terminate In the vicinity of about 
residues 366-368. or at any other .ultable .Ite N-termlnal thereto 
which preserves the gpUO-blndlng capability of the CD4 variant. 

Substitutional variant, are tho.e In which at least one 
residue In the adhe.on ..quence ha. been removed .nd . different 
re.idue Ineerted In It. place. The native N-t.r-lnal re.idue for 
«atur. CD4 I. now known to be lysine. Thu.. the ..quence .hown In 
Fig 1 with .n N-termlnal aaparaglne. I. an amino acid ..quence 
v.rlant of native mature CD4. Table 2 below de.crlbe. 
substitution, which m gener.1 will re.ult In fine -odul.tlon of 
the characteristics of the CD antigen. 
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TABLE 2 

AlA 



ATS 



lyi 



Asn Sin: hi. 

Asp 
Cyi 

Cln 



asn 



Glu "P 

Cly 

Hit "n; gin 

Lyi *rg; gin; glu 

Mac l*^: 

Ph« Uu; C]fr 

S«r thr 

Thr ••r 

Trp tyr 

Tyr trp; ph« 

Val ii«: 

SubftAnclAl chAng«« In ftinctlon or ianunologlcsl identity 
Ara Mde by s«l«ctlng substitutions that sre Isss conservatlvs thsn 
those in Tsbl« 2. I.e., selecting residues that differ fcorc 
slgnlflcsntly In their effect on aslntslnlng (*) the structure of 
the polypeptide backbone In the area of the substitution, for 
exaapls as a sheet or helical conf oraatlon, (b) the charge or 
hydrophoblclty of the aolecule at the target site or (c) the bulk 
of the fide chain. The substitutions which In general are expected 
to producs ths greatest changes In adheson properties will be those 
In which (a) a hydrophlllc residue, e.g. seryl or threonyl. Is 
substituted for (or by) a hydrophobic residue, e.g. leucyl. 
Isoleucyl. phsnylalanyl . valyl or alanyl; (b) a cystelnyl or prolyl 
Is substituted for (or by) any other residue; (c) a residue having 
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.Lccropcldv. .Id. cMln. ..... lyyl. -^S^-yl. or hl.cldyl. 

1. .ub.clcur.d . for (or by) « .leccron.g.clve r..ldue. e.g.. 
glut^yl or ..p.rtyl: or (d) . re.ldu. tuvlng . bulky .Id. ch.ln. 
e.g.. ph.nyl.l.nyl. 1. .ub.tlcuced for (or by) one not h.ving . 
5 side chain, e.g.. glycy^- 

A preferred cU.. of .ub.tltutlon.1 or d.letlon.1 v.rlwt. 
.re tho.. involving the tr««-eBa,r«e region of th. .dhe.on. The 
tr.ns.e»br.n. region of the .dhe.on I. . highly hydrophobic or 
10 lipophilic do«.ln th.t 1. the proper .Ize to .p.n the lipid bll.yer 

of th. celluUr «e«br.ne. It Is believed to .nchor the .dhe.on In 
Che cell membrMie. 

Deletion or substitution of the tr«i.membr.ne do«.ln will 
15 f.clllt.te recovex7 .nd provld. . soluble for. of the .dhe.on by 

reducing It. cellular or .embr.ne lipid .fflnlty .nd Improving Its 
w.ter solubility. If the tr.nsaeabr.ne .nd cytopl.sBlc doMln. «r. 
deleted one .voids the Introduction of potentially li»«mogenlc 
epitopes. either by exposure of otherwise Intr.c.llul.r 
20 polypeptides th.t -Ight be recognized by the body .s foreign or by 

ln.ertlon of heterologous polypeptide, that .re pot.ntl.lly 
lawnogenlc. A prlnclp.l .dvantage of the transoeabrane deleted 
adheson Is that It Is secreted Into th. culture «edlu» of 
recombinant hosts. This variant 1. water soluble and does not have 
25 an appreciable affinity for cell ».«brane lipids, thus con.lderably 

simplifying It. recovery from recombinant cell culture. 

It vlll be amply apparent from the foregoing discussion 
chat substitutions. deletions. insertions or any combination 

30 thereof are Introduced to arrive at a final construct. As a 

general proposition, all variants will not have a functional 
tranamembrane domain and preferably will not have a functional 
cytoplasmic sequence . This is generally accomplished by deletion 
of the relevant domain. although adequate Insertlonal or 

35 substitutional mutagens also car. be effective for this purpose. 
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For .x«.pl.. th. tr.n«.«br.n. don-ln I. .ub.tltut.d by «y «lno 
.eld ..<,u.nc.. ..g. * r««do. or ho.opolynucl.lc ..q«.nc« of .bout 5 
to 50 ..rlne. thr.onln.. ly.ln.. .rglnln.. glut«ln.. ..p.rrlc .eld 
„d Uk. hydrophlllc re.ldu... -hleh .Icog.th.r .xhlblt . 
5 hydrophlllc hydrop.thy profile, .o th.t It 1. ..cr.t.d Into th. 

eulcure ..dlv« of r.co.bln«»t ho.t.. Thl. v.rl«^t. .hould .l.o b. 
considered to be .n .dh.son v.rl.nt. 

The.e verlants ordinarily .re prep.red by .Ite .peclflc 
10 n«t.gene.l. of nucleotide. In th. DNA- encoding th. .dhe.on. th.r.by 

producing DNA encoding the v.rl.nt. .nd there.fter expr...lng th. 
DNA m recombinant cell culture. However, v.rl.nt .dhe.on. .1.0 
.re prep.red by In vlcro synthesis. Obviously, v.rl.tlons ..de In 
the DNA encoding the v.rl.nt .dhe.on. naist not pl.ce the .equence 
15 out of reading frw -nd preferably will not create coapl.«ent.ry 

regions that could produce . .eeondary «RUA structure deleterlou. to • 
expression (EP 75.44AA). The CD4 variants typically exhibit the 
saae gpl20 binding activity as does the naturally-occurring 
prototype, although variants also are selected In order to aodlfy 
20 the characteristics of the CD4 adheson as Indicated above. 

While the site for introducing an amino acid sequence 
v.rl.tlon Is predetenslned, the aut.tlon per se need not be 
predeteralned. For exMple. In order to optimize the performance 

25 of . mutation at a giver site, r.ndom mutagenesis may be conducted 

at the target codon or region and the expressed adheson variants 
screened for the optimal combination of desired .ctlvltl.s. 
Technique, for making substitution mut.tlons .t predetermined sites 
In DKA having . known sequence .re well known, for exwaple M13 

30 primer mut.genesls . 

Adheson variants that are not capable of binding HIV gpl20 
are u.e£ul nonetheless as Immunogens for raising antibodies to the 
adheson or as Immunoassay kit components (labelled. as a 
35 competitive reagent for gpl20 assay, or unl.belled as a standard 
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for an *dt...on «.ay) long a. at l.a.t one adh..on .pUop. 

raoalnf active. 

The DNA encoding adhe.one la obtained by known procadurea. 
See Villiaaa. l-unol. Today fi:298O03 (1987) and citation, 
therein. In general, prokaryote. are uaed for cloning of CD4 
variant DNA eequencee . For example. £. coIX .train SRlOl (for 
propagating «13 phage, a J^-re.iatant .train of JK 101; M...ing at 
Nucl. Acida. Re.. 2(2):309.321 (1981)); and £. coll K12 .train 
294 (ATCC No. 31446) are particularly uaeful. Other microbial 
.train, which may be used include £. coll B, UKlOl and f. coll 
Xl776 (ATCC No. 31537).. The.e example, are illuatratlve rather 
then liaitlng. 

DNA encoding the variant adhe.on. are inaertad for 
expre..ion into vector, containing promoter, and control aequancea 
which are derived from epecies compatible with the intended hoat 
cell. The vector ordinarily, but need not. carry a . replication 
»ite a. well a. one or more marker eequence. which are capable of 
providing phenotypic .election In tranaformed cell.. For exaiapla, 
£. coll ii typically tranaformed uaing a derivative of pBR322 which 
i« a pla.mid derived from an £. coll epecie. (Bolivar, et al.. Gene 
I: 95 [1977]). pBR322 contains genee for amplcfcllln and 
tetracycline re.i.tance and thus provides easy mean. for 
identifying tranaformed cell.. The pBR322 - plaamld. or other 
microbial pla.mid must also contain or be modified to contain 
promoter! and other control alement. commonly uaed in recombinant 
DNA conatructlon. . 

Promoters suitable for use with prokaryotic hosts 
illustratively Include the ^-lactamase and lacto.e promoter .yatems 
(Chang ec al . . Nature. ZU: 615 [1978); and Coeddel ec al. . Nature 
281 : 544 (1979]). alkaline pho.phatasc. the tryptophan (trp) 
promoter ay.tem (Goeddel. Nucleic Acids Res. 4057 (1980) and EPO 
Appln.' Publ. No. 36,776) and hybrid promoters such as the tac 
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p..„..r ,H. d. « .1.. »"^- °" 

119801). tro«.t.r. £« u.. li. b.ct.rl.l 

•needing ch» •nclgen. 

m .ddlclon to prok.ryece.. .uk*ryottc «lerobe. .uch 
y,«t culcur.. .Uo are «..ful *. elenlng er expre-.ten he.C 
V^>->---»-ces or co»en b.^.r'. y.«t 1. the -est 

ce««.nly u..d .ulcryocic .lereerganl... although . nu-b.r ef eth.r 
strains are co«only available. For .xpres.lon In Saccharo-yc. . 
Che plasold VRp7. for ex^irple. (Stlncheoo^. at al.. Hatur. 2fi2: 39 
ri979)- Klng.«an et al. Cen. 2: I'^l (1979): Tachanrper at al. . Cane 
iQ. 157 (19801) I. co-Bonly ua.d. Thl. pla.mld alr.ady eentaln. 
the trpl g.n. vhleh provide, a ..lection i-rk.r for a «itant .train 
of yaast lacking the ability to grow In tryptophan, for .x««pl. 
ATCC no 44076 or PEP^-l (Jone.. C.natlc. fii: 12 [1977]). The 
pre.ance of the trpl le.lon a. a character I. tic of the y.a.t ho.t 
cell geno.. then provide, an effective mean, of ..lection by growth 
In the ab.ence of tryptophan. 

Suitable promoting .equ.nce. for us. with y.a.t hosts 
mcluda the pro-oter. for 3-pho.phoglyc.rat. kinase (Hlti.»an at 
*i J Biol Chea. 2^: 2073 [1980]) or other glycolytic enzyne. 
(H... « al.. J. Adv. Enry-e Reg. 2: U9 (1968): and Holland. 
Biochemistry 12: 4900 [1978]). .uch a, enolase. glycer aldehyde- 3- 
pho.ph.te dahydrogena... hexoklnase . pyruvate decarboxylase, 
phosphofructoklna.e. gluco.e - 6 -phosphate Isomerase. 3- 
pho.phoglyc.r.te muta.e . pyruvate kinase, trlosephosphat. 
Isoaerase. phosphogluco.e Isomerase. and glucoklnase. 
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Other y.«r pro.oc.r.. which .r. Induclbl. pro-oc.r. h.vlns 
ch. .dv^ncg. of cr«.crlpclon controll.d by growth 

conations. ch. pro^". r-glon. for .IcoHol -^-^^ 

..ocytochro^ 0. .cid pho.ph.«... d.gr.d*tlv. .«y~. .-cUc d 
viJ nlcro,.n ..cboU... «t.Uochlon.in. glyc.r.ld.hyd.O. 

::pb.ce d.U..n..-.. .nd .«y... r..pon..bU for -Ico„ - 
' Ucco.. uctU..tlon. SulcabU v.ccor. and pro.ot.r. for u.. In 
' .t .xpr...io« *r. further do.crlb.d In R. Hitz...n .c -1.. 
Europ.« patent PubUc.tlon Ho. 73.657A. Y.e.t .nh««:.r. .l.o «e 
.dv.nc*geo«*ly used with y...c pro«.t.r.. 

Pro»oter. for controUtng tr««crlptlon fro. vector. In 
^lUn ho.t cell. «y be obtained fro. v.rlou. .ourc... for 
««pie. the g.no.e. of vln-e. .uch «: polyo... SUl« Vlru. .0 
(SV40). edenovlru.. retrovirus... hep.tltl.-B vlru. end «..t 
preferably cyto.eg.lovlru. . or fro. heterologou. «-aU« • 
pro.oter.. e.g. che bet. ectln prcoter. The e.rly «d Ut. 
promoter, of the SV40 vlru. .re conveniently obtained .. .n mO 
restriction fr.g-ent which .l.o cont.in. the SV40 vir.l origin of 
repllctlon. Fler. ec .1.. H.ture. 221: 113 (1978). The l«edl.te 
..rly promoter of the hu».n cytowg.lovlru. I. comrenlently 
obtained .. . Uladlll E re.trlctlon fr.g-nt. Cre.n.w.y. P.J- ec 
Ml.. Gene W 355-360 (1982). Of cour.e. pro«oter« fro. the ho.t 
cell or reUted .pecle. .l.o .re useful herein. 

DNA tr«n.crlptlon in higher eukaryotes I. incre.sed by 
inserting .n enh.ncer ..qu.n.e into the vector. Enh.nc.r. .re cl.- 
.ctmg element, of DNA. u.u.lly fro. .bout 10 to 300bp. th.t .ct to 
mere... the tr.n.crlptlon Inltl.tlon c.p.blllty of . pro.ot.r. 
Enh.ncer. .re rel.tlvely orlent.tlon .nd position Independent 
h.vlng been found 5' (L.l.in.. L. ec .1.. Proc.N.tl.Ac.d.Scl. 21: 
993 119811) .nd 3" (Lu-Vcy. M.L. . ec .1.. Mol. Cell Bio. i". 1108 
119831) CO the tr.n.crlptlon unit, within .n Intron (B.nerjl. J.U 
.c .1 Cell 12: 729 (19831) .. well .. within the coding .equenc. 
icelf' (O.bom.. T.F.. « .1.. Kol. Cell Bio. i,: 1293 tl98M). 
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Hany enhancer aequence. are now known from mainmalian gene, (globin. 
elaatase. albumin, a-fecoproceln and insulin). Typically, however, 
on. will ua. an enhancer from a eukaryotic cell virua. Exainple. 
include the SV40 enhancer on the late aide of the replication 
origin (bp 100-270). the cytomegalovirus aarly promoter enhancer, 
the polyoma enhancer on the late side of the replication origin, 
and adenovirus enhancers. 

Expression vectors used in eukaryotic host cells (yeast, 
fungi, insect, plstit. animal, human or nucleated cells) may also 
contair. sequences necessary for the termination of transcription 
which may affect mRNA expression. These regions are transcribed as 
polyadenylated segments in the untranslated portion of the mRNA 
encoding the adheson. 

Expression vector systems generally will contain a 
selection gene, also termed a selectable marker. Examples of 
suitable .electable markers for mammjilian cells are dihydrofolate 
reductase (DHFH) . thymidine kinase or neomycin. When such 
selectable markera are successfully transferred into a mammalian 
host cell, the transformed mammAlian host cell can survive if 
placed under selective pressure. There are two widely used 
distinct categories of selective regimes. The first category is 
based on a cell's metabolism and the use of a mutant cell line 
which lacks the ability to grow independent of a supplemented 
medium. Two examples are: CHO MTK' cells and mouse LTK' cells. 
These cells lack the ability to grow without the addition of such 
nutrients as thymidine or hypoxanthine . Because these cells lack 
certain genes necessary for a complete nucleotide synthesis 
pathway, they cannot survive unless the missing nucleotides are 
provided in a aupplemented medium. An alternative to supplementing 
Che medium is to introduce an intact DHFK or TK gene into cells 
lacking the respective genes. thus altering their growth 
requirements. Individual cells which were not transformed with the 
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oftdia. 



The ..cond c.c.gory I. do.ln.nc .election which refer, to . 
..lection .Che.. u..d In .ny cell type doe, not require the u.e 
: ^t.nt cell line. Th... .ch.... cypU.Uy u.e . dr.. « 

1 e^re.. . protein con.eyln. dru. re.l.t.nce .nd ^ul. -ur^We . 
.He .election. Ex«pl.. of .uch do.lnant .election «e the dru 
neo.ycln. Southern P. .nd Berg. P.. i- Holec. Xppl. Oenet. 1. 327 
C.,S2). ^cophenollc .eld. KulUs.n. R-C. .nd Ber. P^ cl.nc. Z2i. 
1C22 (1980) or hygrcycln. Sugden. B. .t .1.. Mol. <'^^^- '">' \ 
.10.U3 (1985). The three .x«pl.. given .bove en^loy b.cterl.l 
,enes under eu^cryotlc control to convey re.l.t.nce to the 
approprUte drug OUU or neon^cln (genetlcln) . xgpt (crcophenollc 
acid) or hygroorycln, respectively. 

•AurpUflctlon- refer, to the lncre.se or repUc.tlon of 
an l.ol.ted region vlthln . c.U'. chro.o.o..l D«A. A.,.!" ic.tlon 
is .chleved using . .election .gent e.g. -ethotrex.te (KIX) which 
ln.ctlv.ce. DHFR. An^Uf Ictlon or the ..Icing of .ucc.lv. copies 
of the gene result. In gre.ter «.ount. of DHFK being produced 

in the f.ce of gre.ter «ount. of KTX. An.pllflc.tlon pre.sure 1. 
applied nocvlthst.ndlng the presence of endogenous DHFTl. by .ddlng 
eve- gre.ter counts of KTX to the ..dl.. A-pUf Ic.tlon of . 
desired gene c.n be .chleved by cotr.nsfecclng . «i=n.ll.n ho.C 
cell with . P1...U h.vlng . UNA encoding . desired protein .nd the 
DHHl or «,pllflc.tlon gene pennlttlng colncegr.tlon. On. ensures 
th.c the C.11 requires .or. DH^. which requlre.ent Is «et by 
repUc.tlon of th. selection g.ne. by selecting only for cells th.t 
c.n grow m th. pre.ence of ever-gre.ter MTX concentr.tlon. So 
long .. the gen. encoding . desired heterologous prote.n h.s 
comcegr.ced with the .election g.ne repUc.tlon of this gene gives 
rise to repllctlon of the gen. encoding the desired protein. Th. 
result I. that Increesed copies of the gene. i.e. .n «pllfl.d 
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" f'..1'o,-^;a.^ M: l^Win Bern 

«l ;s) "iusfp"W efii? ^Mtp H8 »™Fy fee? 

;;,e' bosV«lU ft*?' »f Et?94 9? SFSftSS- S-i VfP 4?? B^. • 
y'lroloey' 'ii: §56r§57 (IS?!)- P8»mr 8*?? 9**8*? ?8? 

prpf9Pii«'^^e= '^•*- -- ?'^5ieH»8?^<^ FSHf 8? 8S^^? 

which "coarsla fubfLapclal ffU «Uf ff? »§ ^81?! • ???? 

chlorU,',?'^Scrthf4 by Cp^^sH. f.lj. ?f.9.- «Jf-^- *ef4- §5^ 

(US*), kl- ^19'?^ 

CoMtrucciDO of fuUfbl.e v^ccpts conC|tnUg the $Hi?e«* 
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C1..V... c.aor.d. .nd r.Us.c.a in ch. for. d.-lr.. co for- ^ 
L.r.cc.on ...cri... Her..n. S-.. for.x^U. — - ^^^^ 

: .rrer;«c;:oJ rK::;.cuUr BUlo^.. .dice, .^u.el ec^ 
tl987,. pub. by Gr.en. PubU.hing A..oci.c.s S wa.y-Int.r,ctence) . 

correct pU«ld ..q-nces .r. confirmed by transfor-lng £ . 
con Ki2 .cram 29. (ATCC 314.6) vlch Itg.tlon -Ixcur... .ucce..ful 
„an.fon.«.cs ..lecced by «picllUn or c.cr.cycUne r..l.c«c- 
vher. -pproprl.ce. pUs-ids fro. ch. cr.n, f on-ncs pr.p.r.d and 
..en analyzed by r.scrUcUn en.y.e digesCon ™ ^ 

... .ecod of Hes.lng ec al.. Nucleic .cids Res. 1: 09 (1981) 
by the .echod of Maxa- ec al.. Mechod, In Enzy-ology fii- 499 
(1980). 

Host cells are cransfon»ed wlch Che expres.lon veccor. of 
chls invenclon. Thereafter chey are culcured in appropriate 
culcure ^dla. e.g. concaining aub.canc.s for inducing pro«,C.r.. 
.eleccing cransfonnancs or amplifying gene.. The culture 
conditions, such as c.mperacure. pH and the Mke. are tho.e 
previously u.ed wlch the ho.c cell .elected for .xpre..lon. and 
will be apparent to the ordinarily .killed artisan. 

The secreted adhe.on variants are recovered and purified 
frot the culcure supemacanc. or ly.ace. of recombinant hosts. 
Typically, the supematarr. are concentrated by ultrafiltration, 
contacted with a llgand affinity or in«unoaf f inity matrix .o a. to 
.dsorb the adhe-on variant. and eluted from the matrix, 
optionally, the adh.son is purified by ion exchange chromatography. 

surprisingly, purification of soluble CD. adhe.on from 
culture medium wa. unexpectedly difficult. Notwithstanding that 
the hydrophobic transmembrane region of the antigen had been 
deleted, the antigen exhibited a strong tendency to form aggregates 
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ttiAt could b« readily reaoved fron t\x»pen«lon by cencrlfugatlon *t 
1000 X g. And which «vldly coat surfaces such as ultrafiltration 
Mmbranet. Thli appear, to re.ult from the reduction In 
concentration of albunin or other eerun protein (ordinarily present 
In the crude preparation) to a particular level, below which the 
truncated antigen no longer remains soluble. This phenomenon 
appears to be aggravated by exposure of the Cl>U adheson to low pH 
(< about pH 4). /Ls a result, separation procedures (particularly 
those that employ acid elutlon, such as lanunoaf f Inlty) should be 
modified so that the eluate Is maintained at, or Immediately 
returned to , about neutrality . Further , a surfactant . e.g. a 
detergent such as Tween 80. should be Included with the antigen 
during the separation procedure. The final purified product will 
be stabilized with a predetermined protein such as albumin, and/or 
a detergent. 

The purified adheson is formulated Into conventional 
pharmacologically acceptable excipients. 

It is administered to patients having HIV Infection at a 
dosage capable of maintaining a concentration of greater than about 
100 ng of soluble CD^ adheson/ml plasma. For CD4 adheson variants 
having different molecular weights, about 2 plcomoles of soluble 
receptor per ml of plasma will be Initially evaluated clinically In 
order to establish a stoichiometric equivalence with native 
(membrane bound) and soluble receptor. The ordinary dosage of 
soluble a>4 Is 100 MgAg of patient weight/day. 

The therapeutic CD4 variants are employed- with other 
therapies and agents for the treatment of AIDS, including AZT. 
neutralizing antibodies and Immunocyto toxins , gpl20 fragments and 
vaccines . 
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In ord«r to facllicact undarstandios of th« follovlng 
•xAoplas cartAln fraquancly occurring Mthods and/or cans vlll ba 
dascrlbad. 

*PIasKlda* ara daalgnatad by a lowar caaa p pracadad and/or 
follovad hy capital lattara az^or mjabara. Tha atartlnf plaamlda 
haraln ara althar eoMMrcially avallabla, publicly availabla oa an 
unraatrictad baaia, or can ba conatructad froa availabla plaaaida 
In accord vicb publiabad procaduraa. In addition, aquivmlanc 
plaaaida to thoaa daacribad ara knovn in tha art and vill ba 
apparant to tha ordinarily akillad artiaan. 

*Digaation* of DNA rafars to catalytic claavaga of tha OHA 
vith a raatriction anzysa that acta only at carcain aaquancaa in 
tha DtU. Tha various raatriction anxyMS uaad harain ara 
coMMrcially availabla and thair raaction conditions » cofactora and 
othar raquiraMnta vara uaad aa vould ba knovn to tha ordinarily 
akillad artisan. For analytical purpoaas, typically 1 ^8 of 
plaaaid or DKA fra^nt is uaad vith about 2 units of ansyM in 
about 20 m1 of buffar aolution. For tha purpoaa of iaolatlnc 
frapMnts for plaaaid construction, typically 5 to 50 ms of DHA ara 
difaatad vith 20 to 250 units of ansyaa in a larfar volwa. 
Appropriata buffars and aubatrata amounts for particular 
raatriction anryaas ara apacifiad by tha aanufaccurar . Incubation 
ti»aa of about 1 hour at 37'C ara ordinarily uaad. but may vary in 
accordanca vith tha suppliar's instructions. Afcar digaation tha 
raaction ia alactrophoraaad diractly on a polyacrylaaida gal to 
iaolata tha dasirad frapMnt. 

•Racovary or •isolation" of a givan fragaanc of DNA froa a 
raatriction digast aaana aapuation of tha digast on polyacrylaaida 
or agaroaa gal by alactrophoraals . idantif ication of tha fragaant 
of intarast by coaparison of its aobility varsus that of aarkar DNA 
fragaanta of knovn aolacular vaighc, raaoval of tha gal saction 
containing Aa dasirad fragaant, and saparatlon of tha gal froa 
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ONA. Thl. procdur. i. Renown S-r-Uy (U«n. K. « .1.. Hucl.lc 
Add. R.S. 2: 6103-6114 (1981). ^ Co.dd.1. D. « .1.. Huclelc 
Add. R... *057 (19801). 

, -D-pho-phoryUdon" r.f.r. to ch« r.-ov*l «f ch. t.r.ln.1 

5. phcpMc. by cr..t..nc with b.ct.rl.l dk^lin. pho.ph.c«. 
(BAP) Thl. procdure pr.v.nc. th. two r..trlcelon cL.v.d .nd. of 
. DNA fr.g..nc fro. -drcuLrlzing- or forcing . clo.ed loop ch.t 
would l.p.d. ln..rdon of .noth.r DHA fr.g..nt .C th. r..trlctlon 
10 .It. Procdur.. .nd r..g.nt. for dopho.phoryUtion «.d oth.r 

recootoln-nc «nlpul.tlon. .r. con..«tlo«.l . R..ctton. using BAP 
.r. crrUd out In SOaM Td. .t 68-C to .uppr..s th. .ctlvlty of 
any exonucle.... vhtch -.y be pr..«nt In th. .nry». pr.p.r.tlon. . 
R..ctlon5 w.re for 1 hour. Following th. r.actlon the DNA 

15 fr.gB.nt 1« gel purified. 

-Llg.tlon- refer, to the proc... of for«lng pho.phodL.t.r 
bond. b.cv..n two doubl. .tr.nd.d nucleic .eld fr.g«.nt. (lUnl.tU. 
T .c .2.. Id- *t 1''6). Unl... otherwl.. provided, llg.tlon m«y b. 
20 .ccoo.pi*i.h.d u.lng known buff.r. «nd condition, with 10 unit, of T4 

DNA llg... CllgMe") p.r 0.5 pg of .pproxl-.tely equl-ol.r counts 
of the DNA fr.gaent. to be llg.ted. 

•Filling- or "blunting- r.f.r. to the procdur.. by which 
25 the single .tr.nded end In th. cohe.lve ter«lnu. of . re.trlctlon 

enxy»e.cl..ved nucl.lc .=ld I. converted to . doubl. .tr«nd. This 
elli.ln.tes the cohe.lve c.nnlnu. .nd fon.. . blunt end. This 
proce.. 1. . v.r..tlle tool for converting • restriction cut end 
th.c m«y be cohe.lve with the end. cre.t.d by only on. or « few 
30 other restriction enzymes Into . terminus contp.tlble with .ny 

blunt -cutting re.trlctlon endonucl.... or other filled cohesive 
termlnu.. Typlc.Uy. blunting I. .ccompll.hed by Incub.tlng 2- 
15Mg of the t.rget DNA In 10«M MgClj. ImM dlthlothreltol . SOalt 
N.C1, lOmM Td. (pH 7.5) buffer .t .bout 37'C In the presence of 8 
35 unit, of th. Kl.now fragment of DNA polymerase 1 .nd 250 ^ of e.ch 
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of Che four <Uoxynucl«o«lde crlphoiphAt«« . The IncubAtlon 
generally Is tenntnAted after 30 mln. phenol and chlorofona 
extraction and ethanol precipitation. 

The following exmaplea merely illuatrate the beat mode now 
conteaplated for practicing the Invention, but ahould not be 
conacrued to llalt the invention. 



g^tAarole 1 

r^njitrruetlon of Veetora for the ExpreiiioiL-fif 
HMriyrm C!V> md Secreted DcrlvatlYgfl 

The plaamld used for recombinant aynthesla of h\imAn CD4 waa 
pSVeCD4DHFK. The plaamld was constructed as followa: 

lb 

iCD4Pl containing moat of the coding aequence of human CD4 
(obtained from a human placental cDNA library ualng oligonucleotide 
probes baaed on the publlahed aequence [Haddon ec «1. 1985]} waa 
digested with EcoRI to produce the cDNA Inaert. Thla fragment vaa 
20 recovered by polyacrylamlde gel electrophoresis (fragment 1). 



pUC 1 8 was dl ge s te d wi th EfifiRI and the s Ingle fragment 
rcrovered by polyacrylamlde gel electrophoresis (fragment 2). 
Fragment 1 was llgated to fragment 2 and the ligation mixture 
25 transformed into £. coli a train 294. The transformed culture waa 

plated on aaplcillin media plates and realstant colonies selected. 
Plaamld DKA was prepared from tranaf ormanta and checked by 
restriction analyais for the presence of the correct DKA fragments. 
This plaamid is referred to aa pUCCD4. 

30 

pSVeE'OHFR (Muaaing et al . , Cell itfi:691-701 [1987]) waa 
digested with Kon l and fiMHI and blunted with £. coli DNA 
polymerase I (Klenow fragment) and the four dNTPs. Fragment 3 
containing the pKL-Aap^ region. SV40 early promoter, the HIV LTR. 
35 and the mouse DHFTl gene was recovered by gel electrophoresis. 
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lighted and the Ugeclon aUcur. transforaed Into £. coll .train 
29U. The transformed culture va. plated on aiaptclllin media plate, 
and re.l.tanc colonle. .elected. Pla.ald DNA va. prepared, froa 
cran.foraant. and checked by re.trlctlon analy.i. for the pre.ence 
of the iMHI re.trlctlon .ite and the ab.ence of the KbdI 
restriction .ite. This pla.mid i. referred to a. pSVe^KDHHl and 
Allows itfiRl-fiMHI fragments to be inserted after the SV40 early 
promoter and transcribed under its control, following transfection 
into an appropriate cell line. 

Synthetic oligonucleotides (adaptors 1-8, below) were made 
to extend from 76 bp 5' of the initiation codon of CD4 translation 
to the LfiAl restriction site at 121 bp 3' of the initiator, with 
the sequence AATT at the 5' end of the sense strand to generate an 
end which could ligate to an fififiRI re.tr iction fragment . The.e 
oligonucleotides were ligated and the 204 bp fragment containing 
the entire .equence recovered by gel electrophore.is (fragaent 4). 



CD4 



Adaptor 1 : AATTC/J^CCCavCAGCCCTGCCATTTCTCTCCCCTCAGCTCCCT 

CD4 Adaptor 2: pACTCCTCACCCCCTTCCTCCCTCCCCAACCCCACAATGAACCCCCCAGTC 

CD4 Adaptor 3: pCCTTTTACCCACTTCCTTCTCCTCCTGCAACTCGCCCTCCTCCCAGC 
CD4 Adaptor 4: 



35 



;D4 Adaptor 4: 

pAGCCACTCAGGCAAACAAACTCCTCCTCCGCAAAAAAGCGGATACACTGGAACTGACCTCT 
CD4 Adaptor 5: pACAGGTCACTTCCACTGTATCCCCTTTTTTGCCCACCACCACmGTTTCC 
CD4 adaptor 6: pCTCACTCCCTGCTCCCACGACCCCCACTTGCACCACCAGAAGCAACT 
CD4 Adaptor 7: pGCCTAAAAGCCACTCCCCGGTTCATTCTGGCCTrGCCGAGGGAGGAAGCC 
CD4 Adaptor 8: GCTGAGCACTAGCGACCTCAGCCCACAGAAATGCCAGCGCTCTGGGCTTG 

pUCCD4 WAS dige.ted with LsaI and isll and the 401 bp 
fragment containing part of the CD4 coding sequence recovered by 
gel electrophore.is (fragment 5). pUClS was digested with ££flRI 
and Sill and the fragment comprising the bulk of the pla.mid 
recovered by gel electrophore.is (fragment 6). Fragments 4 end 5 
were llgeted to fragment 6 end the ligetion mixture trensformed 
into £, coli strein 29^. The trensformed culture was plAted on 
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anpiclllln a«dl« placas and raslstanc coloniti stlcctttd. Plasttld 
DHA WAS prepared froo crarufonunts and ch«ckad by rascricclon 
Analyiis for ch« pr«ienc« of the correct fragaent. The sequence of 
the Inserted synthetic DMA was checked by excising the 60S bp 
5 Eco RI' Sst I fragments fron several transfon&ants and ligating thea 

to M13iipl9 which had been digested with the saae enzyaes. After 
transfonution into E. coil strain JMIOI. single 'Stranded DKA vas ' 
prepared and sequenced. One plassid which contained the correct 
sequence was selected, and is referred to as pCDAint. 

10 

pCD4int was digested with Eco RI and Sst I and fragment 7 
containing the 5' end of the CD4 coding region was recovered by gel 
electrophoresis. pUCCD4 was digested with Sst I and £abHI and the 
1139 bp fragment containing the reaainder of the CD4 coding region 
15 (fragaent 8) recovered by gel electrophoresis. 

pSVeABKDHFR w*« digested with fifijaRI *nd BaBHI and fragaent 
9 coatprising the bulk of the plasmid was isolated. Fragaents 7. 8 
and 9 were ligated and the ligation aixture transforaed into E. 

20 coli strain 294. The transforaed culture was plated on aapiclllin 

media plates and the resistant colonies selected. Plasaid DNA was 
prepared froa tranaf oraants and checked by restriction analysis for 
rhe presence of the correct fragaent. This plasaid is referred to 
as pSVeCDADHFR, and was used to direct synthesis of recoabinant 

25 intact 

Section 2 

A plasaid was constructed to direct the synthesis of a CD4 
derivative lacking the putative transaeabrane doaain and aost of 

30 the putative cytoplasaic doaain (Haddon mt a2 . ) . This was done 

with the intention of creating a secreted fora of based on the 

assumption that these domains anchor the CDA glycoprotein to the 
cell membrane, and that their deletion would result in the 
secretion of the product. This plasmid is referred to as 

35 pSVeCD4AKlaDHFR and was constructed as follows: 
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pUCCD4 VAj digested with fia^I «nd J^l «nd the 531 bp 
fragaent (fxAgmmnt 10) recovered. pUCCD4 wee dlgeeted with Nlelll 
and lAfll end the 112 bp fregaent (fregaent 11) recovered. pUCCD4 
wee digeeted with fliffiHI and Hlftlll and the 301 bp fragment 
(fragaent 12) recovered. pCD41nt was digeeted with fii^I and iaaHI 
. and fragment 13 comprialng the bulk of the plaamld recovered. 
Fragments 10 » 11, and 12 were ligated together with fragment 13 and 
the ligation mixture transforaod into E. coli atrain 294. The 
transformed culture was plated on ampicillin eedla plates and 
resistant colonies selected. Plaaaid DNA was prepared from 
transformants and checked by restriction analysis for the presence 
of the correct fragment. Plasmid DNA from several transformants 
was sequenced to ensure that the 195 bp lilfllll fragment had been 
deleted and that the proper reading frame was restored. The 
resulting plasmid is referred to as pCD4ANla. 



20 



I 



25 



pCWANl* was digested with fififiRI «nd BanH I «nd the 1541 bp 
fragment containing the sequence of a CD4 derivative lacking the 
tranjaembrane and cytoplasmic domains recovered (fragment 14) and 
ligated to fragment 9 and the ligation mixture transformed into E. 
coll strain 294. The transformed culture was plated on aapicillin 
media plates and resistant colonies selected. Plasmid DNA was 
prepared from transformants and cheeked by restriction analysis for 
the presence of the correct fragment. This plasmid is referred to 
as pSVeCD4&NlaI>HrR . 



30 



Both pSVeCD4DHFR and pSVeCL4ANlaDHFR were transfected into 
CHO cells by the same method used to establish cell lines stably 
expressing HIV-I polypeptides (Muesing. Smith and Capon. Cell 
M: 6910701 [1987]). These cells were assayed for production by 
radloimmunoprecipitatlon as described below. While no product was 
detected in Initial experiments, subsequent experiments • showed that 
the above described coding segment could Indeed direct the 
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lynthttii of A «olubl« CD4 «dh«flon variant both In CHO and 293 

cells. 

Sgc^jgn 3 

5 A different expreeelon »y«tea was Initially u»ed for the 

synthesis And expreseion of e CD4 variant lacking cotipletely the 
cytoplaamlc and tranamembrane domains. This aystem uses the 
cytomegalovirus promoter and can be used in cultured cells of human 
origin. The first plaamid constructed for use in this system 
10 contained the entire coding region for CD4 and was intended to 

function at a control in the following studies. It is referred to 
as pRKCD4, and was constructed as follows: 

pSVeCD4DHFR was digested with £s^RI and fiAoHI and fragment 
15 15 containing the entire CD4 coding region was isolated. pRK5 

(U.S. S.N. 97,472. filed Sept. 11, 1987) was digested with fiaa^I *nd 
RiimH I and fragment 16 comprising the bulk of the plasmid recovered 
by gel electrophoresis, ligated to fragment 15, and the ligation 
mixture transformed into £. coIX strain 294. The transformed 
20 culture was plated on ampicillin media plates and resistant 

colonies selected. Plasmid DNA was prepared from transformants and 
checked by restriction analyais for the presence of the correct 
fragment. This plasmid is referred to as pRKCD4 . 

25 SffCtign ^ 

The next plasmid constructed was designed to direct the 
expression of the above-mentioned (Section 3) secreted derivative 
of CD4. The coding region of CD4 was fused after amino acid 
residue 368 of mature CD4 to a sequence from pfiR322 which codes for 

30 9 more residues before a translation termination codon. This 

removes the putative CD4 transmembrane and cytoplasmic domains, 
which are presumed to anchor CD4 to the cell surface. The plasmid 
is referred to as pRKCD4T (and which produces protein called CD4T) , 
and was constructed as follows: 

35 
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pSV.CWDHFR WM dlgascad with UmII, blunc.d with Klanow 
fr«giB«nc and ch« four dNTPt. «nd digested with BatEII . The 362 bp 
fregaent (fregaent 17) containing p»rt of the CD4 coding sequence 
w*« recovered by gel electrophoreels . pSVeCD40HFR wea dlgeated 
with ££fiRI and fiatEIl and the 874 bp fragaent (frag«Mnt 18) 
recovered. pBR322 was dlgeated with HlndlH. blunted with Klenow 
fragaent and the four dUTPs. and dlgeated with EeaRI . Fragaent 19 
comprising th* bulk of the plasald was Isolated and llgated to 
fragments 17 and 18 and the ligation alxture transforaed Into E. 
eoli strain 294. The trans foraed culture was plated on aaplclllln 
media plates and resistant colonies selected. Plasald DNA was 
prepared from transforaants and checked by restriction analysis for 
the presence of the correct fragment. This plasmld is referred to 
as pCD4Tlnt. 

pRX5 was digested with Zs&Kl and Saal «„d fragaent 20 - 
comprising the bulk of the plasald Isolated. pCDATlnt was digested 
with ££fiRI and ££fiRV and the 1410 bp fragaent containing the CD4 
coding sequence to the HmH site at 1176 bp 3' of the Initiating 
codon and the 154 bp Hlndlll-EsflRV fragaent of pBR322 was recovered 
(fragment 21). Fragments 20 and 21 were llgated and the ligation 
mixture transformed Into E. coli strain 294. The transformed 
culture was plated on «nplclllln media plates and resistant 
colonies selected. Plasmld DNA was prepared from transforaants and 
checked by restriction analysis for the presence of the correct 
fragment. This plasmld Is referred to as pRKCD4T. 

Section 

In order to create . secreted for. of CD4 which could be 
purified with en antibody directed to herpes virus type I 
glycoprotein D. . pl.„id was constructed to express a derivative 
of CD4T in vhlch the region coding for the mature, processed CD4T 
polypeptide v.s fused to . sequence coding for the signal peptide 
and the first 27 residues of the mature type I Herpes Simplex Virus 
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gD glycoproceln. Thii plasmld is referred Co «« pRKCDCOAT, And vas 
conj true ted es follovt : 

pgDTrunc.DHFR was digested with l^Kl and PvuII and the 
frsgoenc containing the coding region for the signal peptide and 
first 27 residues of the mature HSV I gD glycoprotein was isolated 
(fragxient 22). pRKCD4T was digested with EcoRI and BstEII and 
fragment 23 containing the 3' end of the CD4 coding sequence and 
the pRK3 region was isolated. 

Synthetic oligonucleotides CD (adaptors 1-2. below) 
containing the coding sequence of CD4 from the codon for the amino 
terminal residue of mature CD^i to the site at 121 bp 3' of 

translation initiation, and containing the sequence CTCCTCGAC at 
the 5' end of the sense strand were prepared (fragment 24). piUCCD4 
was digested with ^ajil and £i£EII and the 665 bp fragment 
containing part of the coding region for CD4 was recovered 
(fragment 25) and llgated to fragment 24. After digestion with 
aUtEII to ensure that only monomer! c fragment was present, the 724 
bp fragment containing both sequences was recovered by gel 
electrophoresis (fragment- 26) . 

Fragments 22. 23 and 26 were ligated and the ligation 
mixture transformed into E. coll strain 294. The transformed 
culture was plated on amplclllin media plates and resistant 
colonies selected. Plasmld DNA was prepared from transformants and 
checked by restriction analysis for the presence of the correct 
fragment. The sequence of several transformants was checked to 
ensure that the synthetic insert was correct and that reading frame 
was preserved. This plasmid is referred to as pRKCDCD4T. 

These pRX5 derived plasmids preferably were transfected 
into 293S cells for stable expression according to Muesing. et al. 
Cell 44:691 (1987) with the exception that in addition to the 
plasmld of interest a plasald expressing the neomycin resistance 
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P.SV n.c iCor^ - .1. Sci.nc. 221:553-555 (1985)) 

cell. 2 <Uy. afc.r t:t«ufction. th. c.U. w.r. p....g«<l ^to 
,«n<Ur<l i^dlu. (1:1 F12/DME .uppl—nt.d with L-glut«ln.. 
penlcUUn-.cr.pto-ycln ««i 10% FBS) with 0.5 .g/-l C418 (Cnctcln 
,ulf.«- Clbco) for ..Uctlon of .t.bl. c.U Un... r.ther th« In 
,.dU conclnin* -thocrex.t. .hown by Mu..tng « .1. C.ll. 
„.r. ....y.d for production cf CD4 or CD4 «>*log. by r.dlotmuno- 
pr.ctplt*tlon. Binding .cudl.. (..ction 5c) us.d condltton.d 
.up.m.c*n« fron. th... c.ll. In th. 1:1 F12/DKE -.dlu-. 
Hac.rUl. us.d In tnf.ctlvlty ....y. Cctlon 5b) w.re obtained 
described In section 8 b.low. 



15 



gDCIXt adaptor 1: 

CTGCTCGACCAC<»AAACAAACTGCTGCTCCCCy^AA^CCCGATACACTCCAACTCAC 



gDCIX' tdaptor 2: 

pACACCTCACTrC(>CTCTATCCCCTrTTTrGCCCAGCACCACTTTCTTrCCCTCCTCGA 
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Th. following con.titut.. . .tudy of th. n.utr.lix.tlon of HIV-l 
infecrlvlty by .olubl. CD4 ««logs. A -odlflc.tion of the 
neutr.liz.tion proc.dur. of Robert-Curof f .t N.tur. ili:72 

(1985) w.. followd. Equal volu«.e. of Inhibitor .up.m*t.nt «d 
vlru. (60 »lcrolit.r.) v.r. incub.t.d .t 4 d.gr..s C for 1 hour, 
then the volu... of H9 (Clio .t .1.. Science 22ft: 500. 1984) et 

5xlO^/ml w.i «dd.d and incubation continued for 1 hour at 37 
decree. C. Following ab.orption. 2.5xlo5 ^.u. in 150 microliters 
were tr^sf.rr.d to 2 .1 of incubation -edia. Aft.r 4 day. at 37 
degree. C. the culture, were «pUt 1:2 with fr.sh media and 
incub.t.d for an additional 3 day.. Culture, were harvested, 
reverse tranacrlptas. activity was measured (Groopman et al.. AIDS 
Re.e.rch and Human Retrovir^... 1:71. 1987). and immunofluorescence 
re.ctlvlty with HIV-1 po.itiv. ..rum was determined as described 
(Poi.sz et al.. Proc. Acad. Nat. Scl. USA 2i:7415. 1980). 
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inhibitor .up«m*t.nt. wr. obt*ln*d fro- conflurit pUf culture 
of 293S/CDT4. 293S/gDCI>4T c«ll« or uncr*n«f ect«d 293S cell* by 
replacing the growth aediua tncubetlon «nd harvesting the 

,upem*t*nts lU hourt later. Inhibitor eupemetent replaced pert, 
or ell of the incubation media during the first three days of 
culture as indicated in the second column of Table 3. Challenge 
dose of virus was 100 TCID50 (Groopman ec al., supra) of HIV-l 
strain HTLV-IUB grown in H9 cells assayed In the same system. 
Incubation media consisted of RPMl 1640 media containing 2mM L- 
glutaaine. 100 units/ml penicillin. 100 mlcrograms/ml streptomycin. 
2 aicrograms/ml polybrene and 20% fetal calf serum (H.A. 
Bioproducts) . 



15 



20 



25 



30 



Table 3 

Dilution of Indirect Reverse 
Inhibitor Inhibitor lamno fluorescence tranacrlpCMe 

^,j p^irT.»g«nr ffwp^matanr POSitlvfi COllg LifittZmLjL-lfi^l 



mock- trans - 
fected 

mock- trans - 
fected 

CD4T 

CD4T 

gDCI>4T 

gDCD4- 



undil.; 1:4 65.3 65.5 



21.8 23,9 



undil. ; 


1: 


4 


61, 


2 


61.1 


18.5 


28.1 


undll. ; 


; 1: 


:4 


0. 


.4 


18.0 


0.11 


S.94 


undll. ; 


; 1: 


:4 


0. 


.6 


16.1 


0.15 


3.72 


undil. ; 


; 1 


:4 


0 


.4 


26.8 


0.14 


9.92 


undil. 


: 1 


:4 


1 


.4 


36.1 


0.23 


11.3 



Both forms of soluble CD4 virtually abolished the growth of 
35 HIV-1, when Incubated with virus - Infected cells without prior 

dilution (Table 2). At a dilution of 1:4 the soluble CD4 
preparations were only partially effective In inhibiting virus 
growth, however the level of fluorescent-positive cells and reverse 
transcriptase wes still significantly lower than cultures receiving 
40 mock- transf acted cell supematants (Table 2). Since there wes no 

signifidant difference in virus growth between diluted -and 
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TO <le»r,ln. th. affinity con.c.nt for lnter.cclon. b.cw..n 
^,20 .nd CO. or CD4 varices. ..cur.tlon binding -^y'^; 
:.rrl.d out vlth .olubl. CD4 l^aiid <l*"rgent .olublllz.d 

,nt.ct COU CU..^ .t .1- cell 5fl:975 119871) -ploying 
r.dloiodln.ted gpUO Ub.l.d with l.ctop.roxld.., Binding 
reactions consl.fd of ^^h-S,120 (3 ng to 670 ng. 2.9 nCl/ng) 
incubat.d for 1 hour .t 0 degre.. C vlth c.U ly". containing 
intact CD. CU.s.ey et .1.. or cell 

containing unlabeled CD.T or gDCD4T prepared a. described In •. 
section Sa. Reactions (0.2ml) had a final composition of 0.5X 
HcDougal Lysis Buffer (McDLB) (1 x McDU contaln.0.5 % Nonldet HP- 
.0 0 2* Na deoxycholate. 0.12 M NaCl. 0.02 K Trl.-HCl. pH 8.0) and 
were performed In duplicate, both In the pre.ence or ab.ence of 50 
microgram, of unlabeled purified gpl20 (74 fold or greater exc...) . 
Following incubation. bound gpl20 wa. qu.ntltated by 
immunopreclpitation and counted In a ga-aa counter. For 
l«„^<,pr.clpltatlon. binding reaction .olutlon. were pr.ab.orb.d 
vlth 5 microliters of normal rabbit .eru- for one hour at O'C. and 
cleared vlth .0 microliter, of P.n.orbln (10 % v/v. Calblochem) for 
30 minute, at 0 degrees C. Sample, vere then Incubated oversight 
.t 0 degree. C vlth 2 microliter, of normal ..rum or 5 microliter. 
(0 25 microgr«.) of 0KT4 monoclonal antibody (Ortho) , follovd by 
collection of immune complexes vlth 10 microliter, of Pansorbln. 
Precipitate, v.r. va.hed tvic. in IX McDLB and once in vater. then 
.luted by eluting at 100 degree. C for 2 minute. In .ample buffer 
(0 12 M Tri.-HCl pH 6.8. 4% SDS . 0.7 M mercaptoethanol . 20% 
glycerol, and 0.1% bromophenol blue). CD4 molecules vere bound 
.aturably by gpl20. and yielded a .Imple mass action binding curve. 
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Sup.m*c*nc. fro- .oc»c-cr«.f.ct.d c.U. g.v. . l.vl «£ 
.p.clflc*lly bound gpl20 1... ch.n 1* ch.t found for .up.m.t«t, 
confining .olubl. CD4. Sc.tch.rd «-ly.l. r.v.l.d . .Ingl. cl... 
of binding .ices on ..ch -ol.cuU. with .pp.r.nc dl.-ocl.t on 
consc«,t. (Kd) of 1.3 X 10-9 M. 0.83 x lO'' H «d 0.72 x XO"' M for 
intact CD*. CD4T and gDCD4T. r.apactlvly . Th. v.lua. obtained for 
CD*-gpl20 binding In aolutton ar. comparable to the affinity 
previously measured for gpl20 binding to CO* on whole cell. (Kd-4.0 
X 10"' M. Uasky. Cell. silSXA) ■ 



m order to produce .ecreted derivatives of CD* which are 
free of extraneous amino acid re.idues. two plaamid. wre 
constructed for expression in 293 ciU.. The plasmid. contain CD* 
15 genes which have been truncated without the addition of extra 

residues, and are referred to as pRKCD4ANla «vd pRKCDATP (and which 
produce proteins called CD*TP and CD*AHla) . and were constructed a. 
follows : 



Fragment 14 containing the CD6 gene with the 195 bp 
restriction fragment deleted wa. ligated to fragment 16. which Is 
pRK5 digested with EfiflRI *nd fiaaHI . The ligation mixture was 
transformed into £. coll strain 294. the transformed culture plated 
on amplcilUn media plates and resistant colonies .elected. 
Plasmid DNA was prepared from trans formants and checked by 
restriction analysis for the presence of the correct fragment. The 
resulting plasmid Is referred to as pRKCD4ma. 

Synthetic DNA (5'CCT CAT AGA ACC TTT CTA CAC 3') was made 
30 to attach to the HbaH .Ite .t 1176bp and which when so attached 

would terminate translation after amino add residue 368 of mature 
CD4 (fragment 27). Th. other end of this fragment was designed to 
llgate to fiMHI restriction fragments. pUCCD4 was digested with 
fiilElI and UhaII and the 382bp fragment containing part of the CD4 
35 gene was recovered (fragment 28). Fragments 27 and 28 were ligated 
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and Chen digested with flafiElI to reduce dlmerlred fr.gaents to 
monomers, and the re.ulting 401bp fragment was recovered (fragment 

29). 

pRKCD4 wa« digested with fiaill and fiMHI and the fragment 
comprising the bulk of the plasmld (fragment 30) was Isolated and 
llgated to fragment 29. The ligation mixture was transformed Into 
£. coii strain 294. the transformed culture plated on aaplclllln 
media plates and resistant colonies selected. Plasmld DNA was 
prepared from transformants and checked by restriction analysis for 
the presence of the correct fragment. The resulting plasmld Is 
referred to as pRKCD4TP. Both plasmlds are transf acted Into 293 
cells to generate stable variant CD4- expressing cell lines as 
described above. 



<;pr,rton 7 

Two plasmlds were constructed to direct the expression of 
secreted CD4 lacking extraneous amino acid residues In CHO cells. 
These are referred to as pSVeCD4ANlaSVDHrR and pSVeCI>4TPSVDHFR (and 
which encode proteins having the primary sequence of CD4^1a and 
CD4TP) . and were constructed as follows: 

pE348HBV.E400D22 was digested with fvjil *^<i fififiRI and the 
fragment containing the SV40 early promoter and part of the fi- 
lactamase gene was recovered (fragment 31). pE348HBV . E400D22 was 
digested with £vul *nd afiOHl and the large fragment containing the 
balance of the ^-lactamase gene as well as the SV40 early promoter 
and the DHFR gene was Isolated (fragment 32). 

Fragments 31 and 32 were llgated together with fragment 14 
and transformed Into £. coll strain 294. The transformed culture 
was plated on aoplclllln media plates and resistant colonies 
selected. Plasmld DNA was prepared from transformants and checked 
by restriction analysis for the presence of the correct fragment. 
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(Section 2) . 

.1.... "d r..l.c».t Fl."" »•» 

B.thocr«x*w u-lng conventional procedur... 

Fvulon. of th. V region of th. CD4 g.n.. which I. 
ho«,lo80u, CO ch. vrlabl. region of l-rmoglobulln g.n.. (r.f 
M.ddon .c 1985). to ch. conscnc (C) region of hui«n 

i^oglobuim « «d 72 chain, .r. conscruec.d follovi: 

Synch.tlc DNA I. -.de Co cod. for the C region of hua«» « 
chain (re.ldue. 109-214) baaed on the ..qu.nc. publl.h.d by Morln 
.c .1 Froc. Natl. Acad. Scl. 12:7025-7029. with the addlclon ac 
th. 5' 'end of Che coding .trend of ch. ..qu.nc. CCCC. vhlch allow, 
chl. frag^nt to b. llgat.d to the flaMI .Ic. ac ch. .nd of ch. 
pucaclv. V-llk. r.glon of CD4. At ch. 3' .nd of ch. coding r.glon 
a cranalatlonal .top codon I. add.d a. well a. a .equ.nce vhlch 
allow. Chl. .nd CO be Ugaced co a«Hl re.crlcclon ^"«^-" - J^' 
.ynth.tlc DNA I. -de In 8 f rag..nt. . U for .ach .trend. 70-90 
be... long. The.e are then allowed to anneal and llgated prior to 
l.olatlon on a polyacrylaalde gel (fragment 33). 



35 
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PRKCD4 1. dlg..t.d with EfifiRI .nd a«MI .nd tW 478bp 
f„s..nc conclnms th. region coding for th. pucdve V-lUc 
doJln of CD. 1. r.cov.r.d (fr.g..nt 34). Fr.g-.nc. 33 .nd 34 .r. 
Ug.C.d cog.Ch.r With fr.g..nt 16 (fro. the .xpr...lon vector 
PRK5). The Ug.tion -Ixcur. U transfon^d Into S. coll .cr.ln 
294 th. tr.n.for-.d culcur. pUt.d on «plcllUn -edi. pUc «d 
r..l.c.nt colon!.. ..l.ct.d. PU-td DNA 1. pr.p«.d fro. 
tr.nsfor..nc. .nd checked by re.trlcrlon «-ly.l. for the pre.ence 
of the correct fr.g«.nt. The re.ultlng pl..«id 1. referred to .. 
pRKCD4Ck. 

A pUsmld encoding . fusion of the CD4 V-Uke dom.ln to the 
hum^n inmrunoglobuim C72 region Is constructed In . simll.r 
f..hion. «d 1. referred to pRlCCD4C72. Both of these pl«.lds 
.re trsnsfected Into 293 cells, my.loni. cell, or other competent 
c.U, m order to obt.in cell line, expressing v.rt.nt CD4 
molecule* .s described above. 
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fjmrele 3 

The gDCD4T secreted by the «ithod of ExMple 1 v.s purified 
fro. cell culture fluid containing either 10% FBS (fet.l bovine 
.eru.) or no edded FBS. The conditioned cell culture fluid 
flrfc. concentr.ted by ultr.f Utr.tlon then purified .by 
iMuno.fflnity chrom.togr.phy . The iDBuno.f f Inlty colunm v., 
produced by coupling murine .onoclon.1 .ntlbody 5B6 (whose epitope 
I, on th. HSV-l gD portion of th. gDCD4T .olecul.) to glyceryl 
co.ted controlled pore gl.ss by the .ethod of Roy ec .1.. 1984. 
The concentr.ted cell culture fluid 1. .ppli.d directly to the 
colvan .nd the cont«in.tlng proteins .re v*.hed .w.y with neutr.l 
pH buffer. The column is then washed with neutr.l buffer 
containing tetraa.thyl«»sonlu. chloride followed by neutr.l buffer 
cont.lnlng Tween 80. The bound gDC04T is eluted fro. the column 
with buffer .t pH3 cont.lnlng Tween 80 (0.1% w/v) .nd Is 
neutr.llzed l«dl.tely .s it Is eluted. The eluted neutr.llr.d 
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gDCD4T I. chTt conc«ncr*fd by ulcr.f lltr*clon «nd 
dUlyz.d/dlafllffd to «ch«ig. the buffer for * physiological 
eelt solution contelnlng Tween 80 «t approximately 0.1% v/v. 

If the detergent i« not pre.ent the gDCD4T forrw aggregates 
as evidenced by the ability of centrifugatlon at approximately 
10.000 Xg for 2 minutes to remove the gDCD4T from the solutlon.- 
Incubation o£ gDCD4T at 4*C In 0 . IM sodium acetate. 0.5M NaCl and 
0.25K trls at pH 7 together with BSA, Tween 80 or glycerol as 
candidate stabilizers showed that. In the absence of a stablllrer 
the gDCI>4T gradually aggregated over the space of 12 days to the 
point where only about 60-70% of the protein was soluble. However, 
use of 0.1% w/v Tween 80 or (0.5 mg/ml BSA ensured that about 100% 
or 80%. respectively, of the gDCD4T remained soluble over this 
period. Surprisingly glycerol was Ineffective as a stabilizer and 
produced results Inferior even to the control- at 8 days about 80% 
of the gDCD^T was aggregated when stored In the presence of 
glycerol . 

Y^^"^^ 4 

Plasmlds were constructed to direct the expression of 
proteins containing differing lengths of the amino -terminal, 
extracellular domain of CD4 fused to the constant region of human 
IfflBunoglobulln 7I. These plasmlds are referred to as pRKCI>42-,i. 
pRKCD4e47i. pRKCD42-yi, PRKCD4.27I. pRKCDAi^i. and pRKCWei^i- 

Plasmld pRKCD44.^i contains the portion of the CD4 gene from 
the Initiation codon to the fusion site after the codon for serine 
reside 366 of the mature CD4 polypeptide. Immediately followed by 
the sequence coding for the constant region of human lamunoglobulln 
7I, starting at the codon for serine residue 114 of mature human 
lamunoglobulln 7I (Kabac ec ai . ) . 



Plasmld pRKCD4^4^i contains the portion of the CD4 gene 
from the Initiation codon to the fusion site after the codon for 
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ly.lne re.ldue 360 of the MCure Ctu polypeptide, lamedUtely 
followed by Che .equenc. coding for the constant region of human 
i«unoglobulin 7I. etartlng at the codon for .erine re.ldue 114 of 
mature human Immunoglobulin 7I (K^bat ec ai.). 

Plaamid pRKCD42-yi contain* the portion of the CD4 gene from 
the initiation . codon to the fuaion aite after the codon for 
glutamine f .idue 180 of the mature CD4 polypeptide, immediately 
followed by the sequence coding for the constant region of human 
laaunoglobulin 7I. starting at the codon for serine residue 114 of 
nature human immunoglobulin 7I (Kabat ec al.). 

Plasmid pRXCD4^27l contains the portion of the CD4 gene 
from the initiation codon to the fusion site after the codon for 
leucine residue 177 of the mature CD4 polypeptide, immediately 
followed by the sequence coding for the constant region of human 
immunoglobulin 7I. starting at the codon for serine residue 114 of 
mature human immunoglobulin 7I (Kabat eC aJ . ) . 

Plasmid pRXCD4i^^ contains the portion of the CD4 gene from 
the initiation codon to the fusion site after the codon for 
aspartic acid residue 105 of the mature CD4 polypeptide, 
imediately followed by the sequence coding for the constant region 
of human iflssuno globulin 7I, starting at the codon for serine 
residue 114 of mature human immunoglobulin 7I (Kabat et al.). 

Plasmid pRKCD4^^^i contains the portion of the CD4 gene 
from the initiation codon to the fusion site after the codon for 
leucine residue 100 of the mature CD4 polypeptide, immediately 
followed by the sequence coding for the constant region of human 
Imunoglobulin 7I. starting at the codon for serine residue 114 of 
nature human immunoglobulin 7I (Kabac ec al . ) . 
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Construccton of th««« plaaald* required the prior 
construction of pUsmld pRKCD4TP/7l. It was constructed as 

follows: 

A cDNA clone coding for humsn liaauno globulin t1 wms 
obtained froa « human Spleen cDKA llbrar>' (Clontech Laboratories, 
Inc.) using oligonucleotides based on the* published sequence 
(Ellison ec ai . . "Nucl. Acids Res." lfi:4071.4079 [1982]). snd an 
EeoRl*EagI fragment (the fififtRI was contributed by a linker; 

see Fig. 4a. b) containing part of the variable and all of the 
constant region was obtained. This fragment was blunted with 
Klenow fragment, and recovered by gel electrophoresis (Fragment 
el). 

Plasmld pRKCD4TP-kk, encoding a substitutional variant of 
soluble CD4 (residues 1-368) containing a lysine residue Instead of • 
asparaglne at position I of the mature polypeptide, was constructed 
from plasmld pRKCD4TP by site-directed mutagenesis. A synthetic 
oligonucleotide was made as a primer for a mutaganesls reaction to 
obtain the daslred coding sequence. This was synthesized as a 51- 
mer which contained two silent mutations from the natural sequence 
In addition to the substitution mutation, and 21 bases on each side 
of the mutated codons: 

5*- CCC TTT TTT CCC CAG CAC CAC CTT CTT GCC CTTC- 

Acrr CCC tgc tcc gag gag -3* 

Plasmld pRKCD4TP was transformed Into £. coIX strain SRIOI 
and the transformed colonies plated on aoplclllln media plates. 
Resistant colonies were selected and grown In the presence of 
ml3K07 helper bacteriophage to yield secreted, encapsldated single- 
stranded templates of pRJCCI>4TP. The single-stranded plasmld DMA 
was Isolated and used as the template for mutagenesis reactions 
with the synthetic oligonucleotides described above as primers. 
The mutagenesis reaction was transformed E. coli SRlOl and the 
transformed culture placed on amplclllln media plates. 
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Tr.n.fo™nr. w.re .cr..n.d by col ny hybrldU.tlon (r.f. 
Crurucln-Hogn...) for ch. pr...nc. of ch. .pproprt.c. .equ.nc. 
vulng ch. following 16 ..r ch. prob.. 

5'. C CAC CTT CTT CCC CTC -3' 
Th. hybrldlx.clon condlcion. cho..n w.r. .ufficl.ncly .crlng.nt 
th.c Ch. prob. only d.c.cc. ch. corr.ccly f«.ed produce. Coloal.. 
id.nclf L.d P0.1C1V. w.r. ..l.cc.d .nd pU.-ld DNA w. l.ol.c.d 
.nd cr«ufon..d tnco B. coll .cr.ln SRIOI. The cr.n.for.«d 
culcur.. wer. pl.cd on «picllUn «dU pUc. .nd r..l.c*«C 
colonl.. w.r. ..l.cc.d «d grown In ch. pr...nc. of .13K07 
b.cc.rioph.ge. T.«pUc.. w.r. pr.p.r.d .bov. .nd .cr..n.d by 
■.quenelng . 

Pl.«ld pRXCWTP-kk W.S dlg.sc.d wlch Xb*I .nd cr..c.d wlch 
Kl.nov Enzyi... .nd Fr.g.«nc .2. conc.lnlng ch. Un..rl2.d pl««ld 
r.cov.r.d by g.l .l.ccrophor..l. . .nd Itg.c.d wlch fr.g».nc .1. 
Th. Ug.clon «lxcur. w.. cr.n.for..d Inco E. coll .cr.ln 294. ch. 
cr««fon..d culcur. pl.cd on «plclllln ..dl. pl.c. .nd r..l.c.nc 
colonl.. ..l.cc.d. Pl..«ld WK w*. pr.p.r.d fro. ch. cr.n-for«nc. 
.nd ch.cVcd by r..crlcclon .n.ly.1. for eh. pr...nc. of ch. corr.cc 
fr.g».nc m ch. corr.cc orl.nc.clon (I.... th. l«««oglobulln 
coding r.glon In ch. orl.ne.clon .« ch. CD4 coding region, .nd 

M ch. 3' .nd of ch. C04 coding r.glon). Thl. pL.-ld Is r.f.rr.d 
to pRKCOiTP/il. 

Synch.tlc ollgonucl.oeld.s w.r. ud. .« prla.rs for 
d«l.clon*l «ic.g.n..l. r..cclon. to fu.. ch. .pproprl.ce coding 
..quenc. of IgCl .nc 004 de.crlb.d .bov. . Th... w.re 

.ynch.«lz.d «• 48-».r« co«prl.lng 24 nucl.ocld.. on ..ch .id. of 
th. d..lr.d fu.lon .ic. (1.... corresponding to ch. COOH-crmln.! 8 
r.sldu.. of ch. d..lr.d CD4 .oLcy. .nd eh. NH2-tenDln.l 8 residues 
of ch. d..lred liBunoglobulln mol.ty) . Pl.smld pRKCD4TP/7l 
cr.n.fon..d Into E. coll .cr.ln SRlOl .nd ch. er.nsfonsed culcur.s 
pl.cd on «»plclUln medl. pl.ces. R.slsc.nt colonies were 
..l.ct.d grown In ch. pr.s.nc. of ml3K07 h.lper b.cterloph.ge 
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eo yt«ld ..cMMd. .ne*ptl(Ut«d •ln|l.«cr*nd«d CBpUc.f of 
pRKCD4TP/7l. Th. •ln»l.-itr«nd«d plw.ld DNA v.. l.oUt.d «d u..d 
«■ ch« t««pl«t. for BucagonoiU r«*etlon. with th. .ynchotlc 
oU|onucl.ocld.i d..crlb.d .bov. «■ prt-r.. Th. MUg.n*.!. 
fCCloTU w.r. ««.fot».d E. CPU SRIOI «d th. tr.tufor>.d 
culcur. pUt.d on «plcllUn -dU pUt... Tr«».for»«tt. wr. 
.cr..n.d by colony hybrtdttatlon (r.f. Crun*t.ln-Hogn.«) for th. 
pr.s.ne« of th. .pproprUt. fvulon .It.. tt.tn» 16«.r« prob... 
Th... 16..r. comprl.. 8 b.... on .lth.r .Id. o£ th. fusion .It.. 
«nd th. hybrldlt.tlon condition. cho..n w.r. .ufflcl.ntly atrlns.nt 
th4t th. prob.. only dot.et th. cort.ctly fuj.d product. Colonl.. 
ld.nclfl.d po.ltlv. v.r. ..I.et.d «nd pUaald DNA v*. l.ol.t.d 
.nd tr.n.form.d Into E. coll .tr.ln SRIOI. Th. trwufotiMd 
cUltur.i w.r. pl.t.d on Mplclllln ■•dl. pl.t... »nd T..l.tuit 
colonl.. v.r. a.l.ct.d «nd grown In th. pr.a.ne. of alSKO? 
b*ct.rl.oph*gt. T.mpl.t.i w.r. pr.p.r.d *bov. *nd •cr..n.d by • 
•aqu.nelng. 

Th. plaanlda wara tranafaetad Into 293 call, ualng etandard 
procaduraa and aaaayad for axpraaalon and production aa daacrlb.d 
abova . 

F,«pr««aad Saeratad 

pRXCD4i,i 

pRKC04,27l * * 

pR)CCI>42,i 

pRXCD4,4,l + * 

pRKCW.4^1 ♦ * 

Plaaald. alao vara conacructad to dlract tha axpraaalon of 
fualon protalna containing dlf faring l.ngth. of th. aalno-c.rBlnal, 
axtracallular domain of CD4 fua.d to tha truncatad portion of tha 
conatanc raglon of human Immunoglobulin 7I. comprlalng only tha 
hlng. raglon and conatant domain. CH2 and CH3. 
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Synthettc oligonucleotides were made «s primers for 
Bucegenesi. reaction, to delete the iazauno globulin sequence from 
SerlU to CV8215 inclusive (JUbet ec «!.). These were synthesized 
A« 4fl-mers comprising 24 nucleotides on esch side of the desired 
fusion sice (l.^.. corresponding to the COOH-temlnAl 8 residues of 
the desired C04 moiety, end the NHa-tenilnal 8 residues of the 
desired Immunoglobulin moiety). Plesmlds pRKCD^^^i , pRKCD42^i end 
pRKCD^i^l were seperstely trensformed Into E. coll strain SRIOI and 
Che transformed culture plated on amplclllln media plates. 
Resistant colonies were selected and grown In the presence of 
ml3K07 helper bacteriophage to yield secreted, encapsldated single- 
stranded templates of these plasmlds. The single -stranded plasmld 
DNA was Isolated and used as the template for mutagenesis reactions 
with the synthetic oligonucleotides described above as primers. 
The mutagenesis reactions were transformed E. coll SRlOl and the 
transformed culture plated on amplclllln media plates. 
Transformants were screened by colony hybridization (Crunsteln- 
Hogness) for the presence of the appropriate fusion site, using 
16mers as probes. These 16mers comprise 8 bases on either side of 
the fusion site, and the hybridization conditions chosen were 
sufficiently stringent that the probes only detect the correctly 
fused product. Colonies Identified as positive were selected and 
plasmid DNA was isolated and transformed into E. coll strain SRIOI. 
The transformed cultures were plated on amplclllln media plates, 
and resistant colonies were selected and grown In the presence of 
ml3K07 bacteriophage. Templates were prepared as above and 
screened by sequencing. 

The plasmld derived from plasmld pRKCD44^]^ Is referred to 

as pRXCD44pcl. ^^^^ derived from plasmid pRKCD42^i is referred to 

as pRXCD42pcl derived from plasmid pRKCDAj^.^]^ is referred 

to as pRXCD4j^f(.i . 
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PRKCD42FC1. PRKCD^IFCI pRKCD^^Pel «e calcur.d In th. 
f«hlon d..crlb.d .bov. .nd CHl-deUced CD. t»«uno.dh..on. 
recovered a* de.crlbed el.ewhere herein. 

PU«id. w.r. conscructed to dlr«t the «pr...lon of 

protein, confining dlffrlhg length, of th. «ilno ter.ln.1. - 
extrecelluUr domain of CD4 fused to th. con.t.nt r.glon of h««n 
to^oglobuUn «. The.. pU«ld. are r.f.rr.d to pRKCD4^«. ««J 

PU,»ld PRKCD44, contain, the portion of the CD4 g.ne fro. 
Che initiation codon to th. fusion .it. after the codon for .erlne 
residue 366 of th. mature CD4 polyp.ptld.. l««dlat.ly foUowd by 
Che .equence for the constant region of hu«an iBBunoglobulln 
starting at th. codon for threonine residue 109 of th. i-ture h«-n 
Usmunoglobulln * . (Kabat ac si.) 

Plasmld pRKCl>4.i,^ contains the portion of th. CW g.ne fro. 
Che initiation codon to th. fusion site after th. codon for lysln. 
r.sldu. 360 of th. «acur. CD4 polyp.ptld.. lnn..dlat.ly foUo-d by 
ch. sequence for the constant region of hu«n li»nMnoglobulln «. 
starting at the codon for threonine residue 109 of th. nature hu«n 
tBffliunoglobulln k. (Rabat «c aJ . ) 

These plasBlds were constructed In a manner analogous to 
plasmlds paXCD44,i and pRXCD4.4,i described .above, with the 
following exception: 



was 



The human Immunoglobulin « coding ..quence (Fig. 5) 
obtained fro. a human spl.en cDNA library (Clont.ch Uboratorl.s. 
Inc.) using ollgonucl.otld.s based on the published s.qu.nce 
(Hlecer. P. A. .t al . . Cell 22:197-207 (1980)) and an EcoW-fiauMI 
fragment containing part of the variable region and the entire 
constant region was obtained (see Fig. 5). This fragment was 
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blunc«d with Klsnow fragment and the four dNTP«. Thi« frapient waj 
u«6d in«te*d of frAgznent al. and v«j ujed to cotutruct plaiald 
pRKCDATP/h* . 

5 F^r^^fiton In PHQ Callfl 

Pl»«ald« w«r« or are constructed to direct the expression 
of the iamunokdheions described above in CHO cells. These are 

referred to as p S VeCDA^T 1 S VDHFR , pSVeCD4 j-^i SVDHFR , 
pSVeCD4i^lSVDHrR. pSVeCD4.4-, i S VDHFR , pSVeCD4.27lSVDHFR , 
10 pSVeCD4ei7lSVDHFR, pSVeCD44rclSVDHFR . pSVeCD42FclSVDHrR , 

pSVeCD4ipclSVDHFR. pSVeCI>44^SVDHFR and pSVeCD42KSVDHFn. 

Fragment 31 was prepared as described above. Fragment 32a 
WAS prepared by digesting plaamld pE348HBV.E400 D22 with fiflaHl, 

15 blunting with Klenow fragment and the four dNTPs, then digesting 

with Pvu l and isolating the large fragment containing the balance 
of the ^-lactamase gene and the SV40 early promoter and the DHFR 
gene. Plasmids pRKCD44^x, pRKCD427i. pMCD^iji, j>^CX>U^^^^i, 
pRKCD4^j27l. pRKCD4^i^i. P^C^UTcl* PRKCI>^2Fcl- PRKCI>4ipci, 

20 pRKCD44^ and pRKCD42^ were separately digested with Ulndlll, 

blunted with Klenow fragment and the four dNTPs. then digested with 
Eco RI and the fragments encoding the CD4-lg fusion protein were 
isolated. The resulting DNA fragments were ligated together with 
fragments 31 and 32a and transformed into E, coli strain 294. 

25 Colonies were selected and checked for the presence of the correct 

plasmid as above, then transfected into CHO cells and amplified by 
methotrexate selection using conventional procedures. 



30 



Culture fiurifleation end formulation of CD4 variants 



35 



Plasmids encoding soluble CD4 edhesons such as CD4T, CD4TP. 
or soluble CD4 Lmmunoadhesons were calcium phosphate transfected 
into CH0-DP7 (a proinsulin* transformed autocrine host cell derived 
from CHO; U.S. S.N. 97.472) and the trans foments grown in selective 





it* 
.•*f 
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..dlu. HAM F12/nMEM CHT" concalning 1 - 10% dl*£ilr.r.<l or 

auly»d bovm. «ru.). Other .uU.bl. ho.t c.U. CHO c.U. or 
293S hu«n -n^ryonlc kidney c.U.. The tr«.fonMnt, w.r. 
«pXlfi.d by .ethocr.x.c. ..leccion in che .«e .edtu. but 
containing 500 «n cethotrexac. . A .ubclon. c.p.ble of ..cretins 
CD4Tr CD.tp 500 b. v.. .elected. CD4tp 500 b 1. cultured In . 
DHEM/HAM n2 ».dlu« .t .bout 37*0 until CD.TF .ccu»«l.te. in the 
culture, after which the .edlu- 1. separated fro. the c.U. «.d 
insoluble matter by centrlfuging . 



Culture Quid from CD4TP transformants wa. concentrated and 
diafiltered to lower the ionic .tr.ngth. The concentrate v.. 
p.,.ed through a large volume of Q-Sepharose anion exch«.ge r.ain 
(previously equilibrated with 25 -K Had. pH 8.5) in order to 
.dsorb contaminants fro. the culture fluid. The isoelectric point 
of CD4TP la .bout 9.5. thus making it pos.ibl. to dl.cri-lnaf . 
between truncated forms of CD4 and «ost contaminant, by alternate 
adsorption, respectively, on a cation exchange resin .uch a. 
carboxy.ethyl or .ulfonyl Sepharo.e. and an anion .xch«ige r..ln 
such as quaternary ammonium Sepharo.e. In addition. .Inc. highly 
electropositive domains are pre.ent In the extracellular ..gment of 
any CD4- containing variant Is purified in the same fashion as 
CD4TP. The unadsorbed culture fluid from the anion exchange resin 
step was then passed through, a cation exchange resin (previously 
25 equilibrated with 25 mM NaCl at pH 8.5) whereby CD4TP was adsorbed 

zo the resin. The CWTP was eluted with a NaCl gradient at pH 8.5. 
this CD4 variant elutlng at about 0.2 M NaCl. Ammonium sulfate was 
.dded to the eluate to a concentration of 1.7H and the solution 
passed through a column of hydrophobic Interaction chroMtogr.phy 
30 resin (phenyl or butyl Sepharose) . The CD4TP was eluted fro. the 

hydrophobic Interaction column with a gradient of ammonium sulfate. 
Che CDiTP emerging at about 0.7M ammonium sulfate. The eluate was 
concentrated and buffer exchanged on a G-25 column using phosphate 
buffered saline containing .02 % (w/v) Tween 20 or Tw.en 80. The 
35 CDiTP wa, soluble and stable In this solution, which was sterile 
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Other 



filtered and fiU.d into vUl. «. « *q«.ou. formiUtlon. 
poly..ric nonionlc .urf.ct.nt. «. .ult.bly used with the CD. 
for-uUtlon.. Including Pluronic block copoly-er. or polyethylene 
glycol 

It 1. al.o pos.lble to eaploy ia»uno*f£inlcy puriflc.tlon 
of soluble CD4 wherein the CD4 1. adsorbed onto *n l«obllixed 
antibody eg.inst CD4. Thl. -thod suffer, fro. the di.edv.nt.ge 
thet elution of the .oluble CD4 under ecldic condition, le.d. to 
protein .ggregation that i. only thoroughly «.ellorated at 
relatively higher level, of .urfactant. The foregoing procedure 
penBlt. the u.e of awch lower quantltie. of .urfactant. about fro« 
0.01 to 0.10 % (w/v) surfactant. 

The procedure followed for the purification of CD4 fusion, 
with lB»unoglobulln heavy chain wa. to concentrate recombinant . 
supernatant, by ultrafiltration and thereafter adsorb the fusion 
onto resln-imoblllzed Staphylococcal protein A. The fusion wa. 
• luted with O.IM citrate buffer pH 3 with no salt or detergent. 
This preparation is buffered into Trl. buffer at pH 7.5. The 
l«unoglobulin fusion, with CD4 V1-V4 optionally are further 
purified by the procedure de.cribed above for unfuaed CD4 variants. 
CD4 la»unoglobulln fusions with CD4 V1-V2 also «y be purified by 
the procedure above, except that It I. not expected that the 
isoelectric point of this class of molecules will be as alkaline as 
that of species containing all four V regions of CDA. 

F.»inin.le 6 

The characterl.tlcs of several adheson variants were 
determined. As shown in table 4 the Immunoadhesons CVU^yi and 
CD42,1 .how improved plasma half -life In rabbits, coupled with 
high- affinity gpl20 binding and an affinity for Fct receptor 
(determined with U937 cell.) that Is comparable to that of bulk 
human IgCl. 
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gpl20 KD (nM)*^ 



TabU 4 

FctR KD (nM)* 



10 



15 



20 



CD4t5 

CD4471 

CI>427l 
huiun IgCl 



2.3 ± 0.4 
1.2 ± 0.1 

1.4 i 0.1 



Not detacted 

2.83 ± 0.25 
3.01 ± 0.68 
3.52 ± 0.5 



0.25 
6.4 
40.6 
21 d*y»* 



* <Ut« rained In h\iaAn« 

KD w»« determined by the aethod of Anderson «c "J. 

iBnnunol.- 12^:2735-2741 (1980). 

- detemined by the method of Smith at aJ . . -Science" Zlfi: 1704-07 

(1987) . 
§ residues 1-368 only 

-h+ The edheaon variant was injected intravenoualy into rabbits and 
•aoples of blood were collected periodically and aaaayed for the 
presence of the adheson variant. 

Not done . 
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10 



15 



20 



25 



30 



ClAlM 

1. 



NUC1.1C .cid .needing .n «tino .old .e,u.«c. v.ri.nt of an 
Adh«son. 



Th. nucl.ic .cid of cUU. 1 wh.reln ch. .dh..on 1. . CD. 

polypeptide. 

The nucleic acid of cUU 2 whT.ln che v.rl.nc I. * CD4 
polyp.pcid. m which nucleic .eld .needing che tr««.n^r.ne 
L-Tm h.. b..n -odlfUd «h.r.by th. CD4 polyp.ptld. .neod.d 
ch.r.by eoncln. .n tn.eclv.t.d cr.ns«.»br«»« do«*ln. 

Th. nucleic .eld of el.l- 3 wh.r.ln th. tr.n3.«br«. domain 
has b..n inaetlv.t.d by It. d.l.tlon or by .ub.tltutlng for 
Che cran3»e.br«». domain an «.lno aeld ..qu.ne. having a 
.ubscancially hydrophllle hydropathy profile. 

The nucleic acid of claim 2 vher.ln th. variant eomprl... a 
fusion of (a) . polyp-ptld. dlff.r.nt fro- th. CD4 ««d (b) a 

CD4 polypeptide. 

The nucleic acid of claim 5 wh.reln th. polyp.ptld. dlff.r.nt 
froB the CD6 bears a non-CDA Immune epitope. 

The nucleic acid of claim 6 wh.reln the polypeptide dlff.r.nt 
fro. CD4 I. fua.d to th. amino or carboxyl t.nilnua of matur. 
CD4 and th. transmembrane domain of CDA ha. be.n Inactivated. 

8. Th. nucl.ic acid of claim 5 -h.r.ln th. dlff.r.nt polypeptide 
comprises a signal s.qu.nee. 

9. The nucleic acid of claim 5 vh.reln the different polypeptide 
contains about froa 5 to 1000 r.sldu.s. 



6. 



7. 
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10. Th* nucleic Acld of cIaIb 9 wher.ln the different polypeptide 
Is capable of eliciting * huaorel immune reiponee in en 
aniiBAl . 

11. The nucleic ecld of cleim 10 wherein the different polypeptide 
is t vlrel polypeptide or en ellergen. 

12. The nucleic ecld of clelm 5 wherein the different polypeptide 
Is e huaen pleeoe protein hevlng e pleeae helf life greater 
then from which the crenemembrene domain he« been deleted. 

13. The nucleic acid of claim 12 wherein the veriant is a fuaion 
of a polypeptide cbmpriaing at least one V-llke domain of CD4 
foaed with a polypeptide comprising an ianuno globulin constant 
domain. 



14. The nucleic acid of claim 1 wherein the adheson is CD4, CDS or 
the high affinity IgE receptor. 

20 15. The nucleic acid of claim 2 wherein the veriant consists 

essentially of the through or through V2 regions of 
the CD4 entlgen. 



25 



16. The nucleic acid of claim 2 which consists essentially of the 
CD4 Insert of pCDAANla. 



17. The nucleic acid of claim 12 wherein the different polypeptide 
is albumin, apolipoprotuln or transferrin. 

30 18, The nucleic acid of claim 8 wherein the signal sequence is a 

bacterial signal sequence. 

19. The nucleic acid of clelm 15 wherein the veriant consists 
essentially of CD4 residues 1-368. 

35 
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Th# nucUlc *cld of cUU 15 wher.ln th* varUnt con.l.« 
••••ntl*lly of CD4 r««tdu«» 1-180. 

Tht nucleic acid of cUU 13 wherein the i«moglobulin 
conecanc domain 1. the constant domain of an IgO heavy chain. 

The nucleic acid of claim 5 wherein the different polypeptide 
ts a cytotoxic polypeptide. 

The nucleic acid of claim 5 wherein the cytotoxic polypeptide 
is the diptheria toxin A. 

A composition compri.ing an adhe.on amino acid sequence 
variant which is incapable of cell membrane anchorage. 

The composition of claim 24 wherein the adheson variant 
comprises a CD4 amino acid sequence capable of binding gpl20. 

The composition of claim 25 further comprising an agent for 
inhibiting the aggregation of the variant selected from the 
group of a predetermined protein and a surfactant. 

The composition of claim 26 wherein the agent is a 
, surfactant. 

The composition of claim 27 wherein the surfactant is Tween 80 
or Tween 20. 

The composition of claim 25 wherein the CD4, transmembrane 
domain has been deleted or has been substituted for by an 
•aino acid sequence having a substantially hydrophilic 
hydropathy profile. 



The composition of claim 29 which is sterile and which further 
comprises a physiologically acceptable carrier. 



rci/vsmfotu 



31. 



5 32. 



of clMim 25 



^ clida 31 
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IC 



1C0 11 ■ ■■■liM » tte C- 



15 



20 
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3^. 



Ldon «f clAia 33 vtenia 
n^2 



1^V2^3^4- 



djBia 33 itexeln 



BldoA of claia 31 



foXB of A 



37. 



of 36 
of « GD^ T-lttB 



^ooidan of clAla 31 iterola cte itkImc Is mm 
(a) ACl: 

(e) tcriacm- ACt-AC.. ACi.-%Ca. ^Cj.-aCb, « ^(^-^hfmU 

(« jcl-«c«-(«£«. ^-*««. acl-Vb- ^cs.-*ca. « 'A-'kAiJ: 
(•) acl-V«-I^. *Ct-*««« ^Ct-^- « Vi.-V«3: 

(f) ifiCl-acb-I^. •«Cs,-*««. *CL-^Wi!- •L<iL-V«3: 



35 
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wh«r«ln A la A CD4 polyp«pcid« oncAlning « CD4 variabl 
rtglon-lika doaaln; V^. Vh, And Ch r«pr«««nt light or h«vy 
chAln v«riAbl« or eorutut doaAliu of an lanunoglobulin; n it 
An IntAgtr; And Y dAilgnACAA tht rAsldut of a eovalcnc eroat- 
5 linking Ag«nc. 

39. Th« coapoaiclon of elAla 36 vharaln thA Vj^ And V){ desAlna Ara 
cApAbla of binding a pradatanlnad Ancigan. 

10 40. Tha eospoaltion of clala 31 wharaln tha loBunoglobulln 

aaquanea ia obtainad froa IgCl, ZgG2, ZgG3» IgG4, IgA. IgS. 
IgD or IgK. 

41. Tha eompoticion of elAia 25 wharaln tha VArlAnt coapriaaa a 
15 polypapcida diffarant froa CD4 which ia nonioBunoganic in 

huaana . 

42. Tha eoapoaition of cIaIb 41 wharaln tha variAnt coapriaaa a 
polypaptida which ia iaaunoganic in hxiaana. 

20 

43. Tha eoapoaition of claia 41 wharaln tha variant coapriaaa a 
polypaptida hAving a huaAn plAaaa hAlf lifa which ia graatar 
Chan about 20 houra. . . 

25 44. Tha eoapoaition of claia 41 wharaln tha variant coapriaaa a 
huaan tranafarrin. apolipoprotain or albuain polypaptida. 

45. Tha eoapoaition of claia 25 wharaln tha variant coapriaaa a 
eytotoxie polypaptida. 



30 



46. Tha eoapoaition of elaia 45 wharaln tha cytotoxic polypaptida 
ia ricin A chain or diptharia toxin A. 



35 



47. A polypaptida eoapriaing a CD4 aaino acid aaquanea eapabla of 
binding gpl20 which ia croaa*linkad to (a) polypaptida having 
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« plAjBA half life of $fMV than about 20 hour, or (b) a 
cytotoxic polypeptlda. 

48. The polypeptide of claim 47 wharaln tha polypeptida of (a) ii 
transferrin, an apo lipoprotein or albualn. 

49. The polypeptide of clala 47 wherein the cytotoxic polypeptida 
is cro»«-llnlted to the CD4 variable-like dotiain by a 
blfunctional cro»»- linking agent. 

50. A method for preparing an adheaon variant cosprising 
transfecclng a host cell with the nucleic acid of clalji 1. 



51. A method for preparing an adheaon variant comprising 
X5 recovering the variant from the culture of a host cell 

transfecced with the nucleic acid of claim 1. 



20 



52. The method of clala 51 wherein the adheaon is CD4 and the 
variant Is recovered from the culture medium of the host cell 

or from the cell itself. 



53. The method of claim 52 wherein the variant is recovered by 
adsorption onto a cation exchange resin. 

25 54. The method of claim 53 wherein the variant is recovered by 

adsorption of contaminants onto an anion exchange resin. 

55. The method of claim 52 wherein the variant lacks a functional 
transmembrane domain. 



30 



56. The method of claim 52 wherein wherein a salt is added to the 
culture medium to occupy charged domains of the variant, the 
resulting solution le contacted with a hydrophobic affinity 
chromatography resin to adsorb the variant, and the variant 




\ 
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eluted fron thm r««ln by wMhlng ch* r««ln with « declining 
gradisnc of saIc. 

57. The MZhod of clalfl 52 wh.r.in thm vArt»nt t« r«cov«red by 

iBBBxino Affinity chromAtogr*phy . 

58. The aechod of clala 57 wh««ln the laounoAf f tntty 
chroMtogrephy 1» directed Agaltut e polypeptide different 
from CD4 which 1« fu«ed to CD4. 

59. A aethod for the treetaent of an HIV infection coaprielng 
Adolnleterlng to e petlent infected with HIV a therapeutically 
effective dose of an aalno acid sequence variant of CD4. 



15 



60. A repllcable vector conprlaing the nucleic acid of claia 1. 
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